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EXPLORATION OF THE 
WECHSLER MEMORY SCALE FOURTH EDITION (WMS-IV)




The Designs subtest was newly added as a measure of visual memory to the Wechsler 
Memory Scale, 4th edition (WMS-IV). This study examined this measure in a mixed 
clinical sample (n = 158). Specifically, the aim of the study was to evaluate the 
s these functions are processed within distinct neurological systems. 
To date, no studies have specifically examined the individual Content and Spatial scores 
in relation to other neuropsychological variables. The purpose of this study was to gain a 
more comprehensive understanding of the Content and Spatial measures in order to aid 
clinicians in using the instrument for diagnostic purposes and to enhance interpretation of 
results.
The present study utilized hierarchical multiple regression analyses with each of the 
Designs subtest components as dependent variables, including Content I, Content II, 
Spatial I, and Spatial II, which encompass both immediate and delayed memory aspects 
of functioning. For each of these variables, neuropsychological variables were selected 
for comparison from domains of attention, visual-spatial skills, visual memory and 
executive functioning, given the understanding of visual memory pathways in the brain 
and the confluence of these abilities on functioning. Age, education, and verbal 
intellectual functioning were controlled through the hierarchical multiple regression 
analyses. 
Study findings suggest that Content and Spatial scores may not be ideal for measurement 
of both visual content and spatial memory. The results indicate that the combination of 
leading them to favor one aspect over the other. Further studies may aim to explore these 
two constructs separately in the context of this paradigm to determine their clinical 
utility. This study highlights the importance of clinicians having an understanding of the 
literature associated with the measures administered to patients.




LIST OF TABLES............................................................................................................. vi
CHAPTER I: STATEMENT OF THE PROBLEM ............................................................1
CHAPTER II: REVIEW OF THE LITERATURE .............................................................3
Neurological Systems of Memory ...................................................................................4
Lateralization and Testing of Memory.............................................................................8
WMS Assessment of Visual Memory............................................................................11
WMS-IV in Clinical Populations...................................................................................16
Validity of WMS-IV Designs ........................................................................................25















Table 1. Hypothesized Predictors for Designs Variables ..................................................39
Table 2.   Descriptive Statistics for Adult Sample (n = 158) .............................................52
Table 3.  Pearson Correlation Matrix of Predictor Variables ............................................59
Table 4.  Pearson Correlation Matrix of Predictor Variables, continued...........................60
Table 5. Hierarchical Regression Analyses for Content I..................................................62
Table 6. Hierarchical Regression Analyses for Content II ................................................65
Table 7. Hierarchical Regression Analyses for Spatial I ...................................................67
Table 8. Hierarchical Regression Analyses for Spatial II..................................................70
1
Chapter I: Statement of the Problem
Neuropsychologists are often called upon to assess memory functioning for a 
variety of reasons, often prompted by patients concerns. Quantitative 
assessment of memory can provide insight into diagnostic formulations, while a
statistically significant decline in memory from a previous timepoint may be attributed to 
a host of underlying neurological conditions. The underlying brain structures and neural 
networks that mediate effective memory functioning are complex, and the tests used 
should be created to be specific in identifying at what level the dysfunction is occurring. 
The memory test that is most commonly used by neuropsychologists is the Wechsler 
Memory Scale, 4th edition (WMS-IV), or earlier version (Rabin, Paolillo & Barr, 2016).
It is also the third most commonly used assessment of memory in forensic settings 
(LaDuke, Barr, Brodale, Rabin, 2018). The most recent version of this test, the WMS-IV, 
includes several changes compared to the previous version due to issues of poor validity,
particularly in the domain of visual memory (PsychCorp, 2009). A newly created subtest 
titled Designs was added to the WMS-IV, which contributes to the overall Visual 
Memory Index and provides scores for immediate and delayed memory, as well as scores 
for visual content versus spatial memory. This subtest was adapted specifically for the 
WMS-IV in order to reduce the impact of confounding issues that influence visual 
memory functioning, such as visual-perceptual ability, visual constructional skills, 
verbalization of the visual stimuli and high guessing rates- all of which were evident in 
earlier versions. It also claims to provide a measure of memory for both visual content 
and spatial information, as these abilities are generally accepted as being distinct,
utilizing different neurological networks. Data provided by the WMS-IV publishers show 
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that the Designs Content and Spatial scores strongly correlate with the other tests of
visual memory on the WMS-IV; however, these data also show significant correlation 
with tests of visuospatial ability, executive functioning and attention, as well as with tests 
of language and verbal memory (PsychCorp, 2009). While these correlations are low to 
moderate, they suggest that the Designs subtests may tap into other cognitive abilities and 
could have similar validity concerns encountered in previous versions of the WMS. No 
study has examined the Designs Content and Spatial measures outside of the context of 
the WMS-IV, specifically relating to other cognitive variables. Understanding the 
relationship of these Designs subtests with other measures will add to the literature on 
this test and identify specific cognitive abilities that contribute to performance. Having 
knowledge of neuropsychological relationships between these measures and other 
commonly used measures will also aid clinicians in using the instrument for diagnostic 
purposes and decrease erroneous interpretations of results. 
3
Chapter II: Review of the Literature
Assessment of memory is a key component in neuropsychological practice due to 
the implications for day-to-day functioning. Neuropsychologists rely heavily on 
standardized measures of memory when making diagnostic formulations, as a decline in 
memory from a previous timepoint can be attributed to a variety of factors, including a 
host of underlying neurological conditions. Memory assessment is particularly useful 
across settings, as self-reported memory problems are often inconsistent with objective 
test scores. A meta-analysis of 53 peer-reviewed studies representing 20,319 participants 
found very small association (r = .062) between global subjective memory and objective 
memory assessment results; while another study of older adults found a strong 
relationship between anxiety and depression levels and subjective memory concerns
(Crumley, Stetler & Horhota, 2014; Hurt, Burns & Barrowclough, 2011). As the
diagnostic criteria for a majority of mood disorders include difficulty thinking or 
concentrating , one must have an understanding of the etiology of these complaints in 
order to rule out other processes. These studies highlight the importance of addressing 
ive manner in order to implement proper treatment. 
Comprehensive neuropsychological evaluations aim to assess a wide range of 
neurocognitive domains, and it is critical that neuropsychological evaluations include 
measures that are sensitive to dysfunction and have the ability to identify specific areas of 
neurocognitive deficit. Lezak, Howieson, Bigler, and Tranel (2012) define test sensitivity 
rder who have a positive result;
proportion of people without the target disorder whose test scores fall 
test with high sensitivity is a 
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score at a level which suggests the presence of neurocognitive dysfunction. Tests with 
high sensitivity are useful as screening measures because they help to determine whether 
neurocognitive dysfunction is present, but they do not provide information regarding 
which particular functions are impaired. In contrast, tests with high specificity give 
administrators the precision they need to identify which areas of cognitive functioning are 
impaired. Therefore, it is important that tests designed to measure specific 
neuropsychological constructs do not also inadvertently measure other constructs. 
Accurate measurement of memory functioning using standardized 
neuropsychological tests can contribute to a diagnosis of a Neurocognitive Disorder when 
the etiology is known or suspected (American Psychiatric Association, 2013).
Quantitative assessment of memory functioning can be vital in making medical decisions, 
such as whether to begin pharmacological trials for suspected dementia or evaluating 
risks for neurosurgery. Often, decisions like these are based on input from 
neuropsychologists and the test scores they have obtained from the patient. Additionally, 
neuropsychological tests are used to rule out other underlying causes contributing to
subjective memory concerns, including attentional deficits or other psychiatric 
interferences, making them a popular choice not only in medical settings, but in 
community and private practice (Elfgren, Gustafson, Vestberg & Passant, 2010). The 
subtle nuances of individual experience warrant the use of tests that are reliable and valid 
given the complex neurological processes underlying memory itself. 
Neurological Systems of Memory
The process of the human experience of memory is conceptualized in different
ways, and is consistently transforming as new scientific discoveries are made. One 
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widely recognized theory is that memory is comprised of short-term and long-term 
memory, where short-term memory refers to the temporary storage of information from 
seconds to a few minutes, and long-term memory refers to more stable storage of 
information over an extended period of time (Atkinson & Shiffrin, 1968). With greater 
understanding of brain processes, short-term memory has been largely re-conceptualized 
as a process called working memory, referring to a limited capacity system for temporary
storage and manipulation of information (Baddeley, 2000).
The process of converting information perceived from the environment into 
mental representation is generally considered encoding, while the process of converting 
information from short-term memory into long-term memory stores is often referred to as
consolidation. In addition, the process of transporting stored information back into 
conscious awareness, or remembering, is called retrieval. Disruption of any of these 
processes can lead to complaints of memory problems and accurate assessment can 
usually clue to neuroanatomical correlates. Multiple brain structures and systems have 
been identified as contributing to processing, encoding, consolidating and retrieving 
novel information, which is what most neuropsychological tests of memory aim to assess.
As information passes from the environment to the long-term memory storage in this 
order, a general understanding of the physical systems involved can help to conceptualize 
the concept of memory in assessment. 
Processing of information encountered in the environment requires intact 
perceptual functioning in both the sensory receptor organs (e.g., eyes, nose, ears) and 
corresponding receptors in the brain. Information gathered by sensory receptor organs is 
processed by individual systems in the brain and sent to the thalamus where salient 
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information is sent to higher-
Disruption to any part of the sensory system can interrupt simple perception of 
information, making this information unavailable for storage into memory (Baddeley, 
2013). The next step in effective memory is the encoding of information perceived from 
the environment into a construct that can later be recalled. This requires attention to the 
stimulus- a process mediated by the frontal lobes and specific subcortical regions. Studies 
suggest that damage to the frontal lobes is associated with reduced encoding of 
information due to decreased attention, decreased use of learning strategies and poor 
filtering of irrelevant information (Stuss & Knight, 2002). Damage to the basal ganglia,
thalamus, or other subcortical structure can also produce similar problems due to the 
widespread connections to the frontal lobes (Nyberg, et al., 2000). 
When information is perceived accurately, reduced attention may cause relevant
information to be filtered out and not committed to short-term memory. When attentional 
processes are intact, information from the environment may be brought into conscious 
awareness and the individual can choose to manipulate the information within the short-
term memory. For example, an individual is read a phone number and repeats it several 
times in their head before finding a piece of paper to record it on. Studies find that the 
prefrontal cortex is highly activated during initial short-term storage of information, 
where it is further processed in cortical regions that correspond with the type of 
information encountered (Lara & Wallis, 2015).
After information is successfully processed in respective regions, it can be further 
processed in a structure called the hippocampus which resides within the medial temporal 
lobe. It is here that the process of memory consolidation occurs through combining the 
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perceived information into a single experience and associating the new information with 
existing knowledge. Take the phone number example, if the individual is told that the 
phone number is their they can use that association to prioritize the
information, and consciously practice repeating the phone number in their mind so they 
can recall it at a later time. With repeated exposure or practice, memories become 
consolidated outside of the hippocampus through a process called long-term potentiation
that occurs at a cellular level. The brain will organize and reorganize itself on a cellular 
level in response to experiences, creating new memories prompted by experience, 
education or training. Though the exact mechanisms through which short-term memories 
are consolidated into long-term memories are not fully understood, studies show that 
individuals with extensive hippocampal lesions retain short-term memory function, but 
experience difficulty forming new memories (Baddeley, 2013). 
The final stage in effective memory processing is retrieval, or the ability to re-
access information Two methods of 
retrieval that are particularly salient to neuropsychology are recognition and recall.
Recognition is the association of information with something previously encountered, 
while recall requires retrieving a mental representation something that is not currently 
present. These two methods can easily be exemplified in multiple choice versus fill-in-
the-blank test questions. Though retrieval of memories is generally automatic, recall 
involves actively reconstructing the information, while recognition requires a decision as 
to whether the stimulus was encountered previously. Research suggests that widespread 
fronto-cerebellar pathways are activated during recall, and less so during recognition 
(Cabeza, et al., 1997). This review of memory systems provides a gross outline of basic 
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processes and some insight into the neuroanatomical pathways associated with them. 
However, it is also important to recognize different pathways associated with verbal and 
visual memory, as these systems are highly involved in everyday functioning and most 
commonly assessed within the neuropsychological evaluation.
Lateralization and Testing of Memory
A historical concept in neuropsychology posits that hemispheric differences exist 
in processing different sensory modalities. Specifically, the dominant- usually left sided-
structures process verbally based information, while the non-dominant structures process 
visually based information. Evidence for lateralization of verbal learning and memory is 
well documented in the literature. Functional imaging studies found that verbal encoding 
activated left medial temporal lobes and patients with dominant medial temporal lobe 
sclerosis or excision showed significant impairment in verbal memory retrieval after 
surgery (Golby et al., 2001; Loring, 1997; Jansen et al., 2009).
Studies of visual learning and memory are less conclusive in proving 
lateralization to the non-dominant hemisphere, due to several methodological and/or 
conceptual issues (Evans & Baddeley, 2018; Vannucci, 2007). An analogous distinction 
between verbal and non-verbal memory may be inappropriate due to the differences in 
the way the information is processed. Those who study visual memory must account for 
different brain systems for perceiving and remembering object characteristics versus
spatial locations. The two-streams hypothesis posits that the dorsal stream is involved in 
perception of spatial information, while the ventral stream is involved in perception of 
object and form recognition. Further encoding the characteristics of an object relies on 
non-dominant hippocampal structures and associated cortical regions, while spatial 
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information memory is more dependent on bilateral hippocampal function (Courtney, 
Ungerleider, Keil & Haxby, 1996; Alessio et al., 2013; Gotts et al., 2013; Zammit, et al., 
2017).
Another complication arises in the methods used for measuring visual memory
over time. Classically, figural reproduction test and figural learning tests were used in 
scientific experiments and clinical trials studying visual memory systems (Barr, 1997). A 
figural reproduction test is comprised of a copy or immediate reproduction of visual 
images, followed by a second delayed reproduction after a prescribed amount of time. In
contrast, a figural learning test includes a learning phase, in which a set of visual stimuli 
is to be recognized or recalled over repeated trials and during a subsequent delayed trial. 
Compared to figural reproduction tests, visual learning and memory tasks appear to be 
more sensitive to effects of right temporal lobe lesions, especially with delayed retention, 
in right temporal lobe epilepsy patients (Dige & Wik, 2001). By contrast, less consistent 
results supporting laterality of visual memory were found in studies using figural 
reproduction tests (Barr, et al., 1997). According to Barr, et al. (1997), the lack of 
laterality effects seen in these types of tests may be in part to other confounding 
variables. 
One such confounding issue encountered with visually-based tests is that 
participants may verbally mediate the information if they can associate it with something 
familiar vation of both verbal and visual systems
during learning trials (Crowder, 2014). This type of association may be stronger in those 
with longstanding visual processing deficits who rely on verbal compensatory strategies 
in daily life. Efforts to reduce these effects led to the development of visually based tasks 
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using novel, unrecognizable, and unnamable stimuli. Studies using novel stimuli 
demonstrate that the right temporal lobe is critical for memory of specific visual 
attributes of objects, in line with the two-stream hypothesis described previously (Barr, 
1997; staedter, & Elger, 1998). Another confounder in the assessment of 
visual memory may be that reproduction tasks require intact motor and higher-level 
constructional abilities, particularly when the stimuli is complex. Unfortunately, the 
effects of these variables are not accounted for fully in older studies, making 
interpretation of more commonly used tests difficult.
A newer development in the study of visually-based memory tasks incudes the 
study of the susceptibility for randomly guessing recognition-based items. Generally, it 
was debated whether visual working memory was limited by quantity of information or 
the precision of recall of the information. Through an analytic procedure, Zhang and 
Luck (2008) provided evidence that when presented with more than a few simple objects, 
participants accurately stored only a small number of the objects in the working memory,
and retained little to no information about the others. They provided responses to all 
items, suggesting that participants guessed randomly on the other responses. In contrast, 
van den Berg, et al., (2012) found evidence for a continuous resource model that argues 
mental resources can be distributed variably amongst an unlimited number of items.
Adam, Vogel and Awh (2017) further explored these ideas by asking participants 
to complete several visual working memory tasks of varying difficulty. The participants 
were asked to provide their response, and then indicate whether
Results 
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found evidence for both theories. The participants guessed on about half of the items, 
with a general memory capacity load of six items. They also found that participants self-
report of whether they were guessing coincided with objective statistical modeling. They 
concluded that that subjects used accurate metaknowledge to report guessing, and that 
visual working memory is subject to clear item limits. This research is highly implicated 
in neuropsychological test construction, as there is evidence that responders made a 
conscious effort to allot their resources to less complex items and provide guesses for the 
more complex items. Therefore, in visual working memory tasks, items may become 
more susceptible to guessing as they become more challenging. 
Given these factors, the development of new visual memory tests has been on the 
upswing in an effort to create acceptable measures for various clinical usage. Developers 
have been challenged with reducing confounding effects of tasks that involve multiple
pathways and processes in the brain to increase their specificity in pinpointing where true 
deficits lie.
WMS Assessment of Visual Memory
Generally, tests of visual memory require a visuo-motor response, such as
drawing of previously viewed stimuli, or recognition and selection of stimuli from 
multiple choices. Typically, tasks that require recognition of previously presented items 
are considered the easiest, because they require the least amount of active retrieval effort. 
However, recognition tasks can be complicated by the introduction of visually similar 
, s that can affect 
overall accuracy (Strauss, Sherman & Spreen, 2006). More sophisticated tests include 
both delayed recall and recognition trials to explore whether a deficit relates more to 
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storage than the retrieval of information. 
According to a recent survey of 512 doctorate-level neuropsychologists in the 
United States and Canada conducted by Rabin, Paolillo and Barr (2016), the most widely 
used assessment of memory functioning is the Wechsler Memory Scale, fourth edition
(WMS-IV) or earlier version. Another survey found that the WMS-IV is utilized to assess 
memory by 44 percent of neuropsychologists engaging in forensic assessment (LaDuke, 
Barr, Brodale, & Rabin, 2018; LaDuke, Barr, Brodale & Rabin, 2016). This test was 
originally developed in 1945 and revised in 1987, 1997 and again in 2009. The earliest
version of the test viewed memory as a global skill, while contemporary
conceptualizations of memory were reflected in subsequent versions of the test to account 
for visual and verbal memory, effects of attention on memory, and use of recognition 
trials. Several notable changes occurred between the third and fourth edition due to 
various issues of methodology. Both subtests that comprised the visual memory domain 
were removed due to of challenges associated with construct validity. They were replaced 
by a drawing task that was previously optional in the WMS-III and a newly developed 
visual-spatial task, Designs. The following is an overview of the visual memory tests 
used throughout the history of the WMS.
Faces. Memory for faces has a long history in the assessment of non-verbal 
memory (Wechsler, 1997; Lezak, 2004). In the WMS-III Faces test, a series of 24 faces is 
shown at a rate of one every two seconds. The memory is assessed with a recognition 
format where the targets are shown one-by-one amongst 24 foils and the individual is to 
choose the faces previously viewed. Delayed recognition is tested after a delay with 24 
new foils. 
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This measure does not allow for high levels of verbalization due to the nature of 
the stimuli. Patients who underwent right temporal lobectomies performed worse on this 
test than verbal measures, while isease scored lower on this 
measure than those with mild cognitive impairment (Seelye et al., 2009; Doss, Chelune & 
Naugle, 2004). A robust meta-analysis showed that younger participants outperform older 
participants across memory for faces tasks, and older participants were more likely to 
make false positive errors (Martschuk & Sporeer, 2018). The authors attribute this 
finding to age related reduction in speed of processing the stimuli. Additionally, there is 
evidence for age-related decline in visual short- term memory capacity, independent of 
general memory capacity (Mitchell & Cusack, 2018).
Scores from this test do not correlate well with other visual memory tests, 
suggesting that it may measure a different aspect of visual memory than others or allows 
for a high guessing rate (Millis et al., 1999). Due to the problems with validity and high 
guessing rates, this measure was not included in the fourth edition of the WMS, though 
some clinicians continue to use this test with specific clinical populations based on 
clinical experience and knowledge.
Family Pictures. This test from the WMS-III was created
meaningful, visually presented i highly verbalizable. 
Four pictures of scenes are shown for ten seconds each and memory is tested by choosing 
who was in the picture and what they were doing from a grid of possible choices. Chapin, 
Busch, Naugle and Najm (2009) found that this test did not show brain lesion 
lateralization effectively and did not discriminate any change in post-surgical right 
temporal lobe surgery, likely due to interference with verbal and non-verbal encoding. 
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Additionally, test developers noted that scores from this measure did not correlate with 
any other measures of visual memory, including the Faces subtest (Wechsler, 1997).
Thus, this test was removed from the updated version due to the confounding issue of 
verbal mediation while encoding the stimuli, and lack of statistical relationships with 
other visual memory tests.
Visual Reproduction. This subtest is continuously included in each subsequent 
revision of the WMS as an optional measure (PsychCorp, 2009). The Visual 
Reproduction test assesses memory for designs by exposing the individual to a series of 
abstract designs, one at a time, for ten seconds, and asking them to draw what they 
remember after several minutes. The Visual Reproduction task was originally an 
immediate recall task, but a delayed recall trial was added in the second revision of the 
test. Over time, the designs became simpler, a 48-item recognition trial was added, and a 
copy trial was added to assess for motor difficulties. The Visual Reproduction task has 
consistently correlated with tests involving visuospatial problem solving and visual 
memory, particularly with the delay trial (Leonberger et al., 1991). As with many other 
visual memory tests, this test shows a low ability to lateralize functioning in temporal-
lobe epilepsy patients, possibly due to the simplistic designs that encourage verbal 
encoding, and lack of learning trials (Barr, et al., 1997). In a sample of patients with 
temporal lobe epilepsy, Visual Reproduction scores did not correlate with an ecologically 
valid test of memory functioning, while a measure of story memory correlated strongly 
(Rzezak, et al., 2017). Despite these findings, this test is shown to be very sensitive to 
cognitive deterioration associated with dementia and has shown significant correlation 
with para-hippocampal volume in patients with probable
15
al., 2009). 
This test appears to be a robust measure of visual memory, though some of the 
shortcomings in older clinical studies may be explained by the lack of learning trials. As 
discussed previously, visual memory tests that include learning trials are more highly 
associated with lateralization of functioning in certain populations. Despite this, Visual 
Reproduction contributes to the overall Visual Memory Index on the WMS-IV. 
Designs. This subtest was added to the WMS-IV in order to reduce the impact of 
confounding issues unrelated to visual memory functioning, including visual-perceptual 
ability, visual constructional skills, verbalization of the visual stimuli, and high guessing 
rates. It was adapted from the NEPSY-II Memory for Designs test for use in an 
adult population. This test consists of four items, with an increasing number of designs to 
be recalled across the items. The examinee is presented with a picture of a grid with 
various designs placed throughout it for 10 seconds. After presentation, the examinee is 
asked to choose the target designs from the same number of distractors and place them 
into a handheld cardboard grid in the same location that they viewed previously. After all 
trials and a 20- to 30- minute delay, the examinees are asked to do this again from 
memory with the same target and distractor cards. The immediate and delayed scores 
from these subtests contribute to the overall Visual Memory Index on the WMS-IV, but 
the test also provides a Content and a Spatial score to discriminate between specific areas
of visual memory functioning. The Content score assesses the examinees ability to 
discriminate the target shapes from an equal number of similar distractors, while the 
Spatial score is based on the examinees ability to place a card in any of the originally 
viewed locations. Therefore, test creators conclude that this test measures immediate and 
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delayed memory of both visual content and spatial location. The importance of this 
subtest lies in the distinct scores provided for visual content and spatial location, though 
this subtest does not include learning trials. This opens the test up to challenges with poor 
initial learning of the stimuli and the possibility of increased guessing rates, as previously 
discussed.
As this is a newly developed test paradigm, further validation studies are needed 
to ensure it measures what is intended and is clinically useful. This remains particularly 
important as visual memory tests are historically notorious for having insufficient 
sensitivity and specificity in routine practice due to the various confounding issues
described (Barr, et al., 1997; Loring & Bauer, 2010). Constant changing of testing 
methods leads to difficulty conducting long-term studies, therefore test users should look 
critically at prior studies to ensure they are making accurate assumptions that the test 
assess their intended memory constructs.
WMS-IV in Clinical Populations
Studies of clinical populations using the WMS-IV provide some insight into the 
visual memory tests, and patterns of performance across different groups and clinical 
populations. As mentioned previously, there are unique brain pathways that identify the 
possibly, memory. With this in mind, 
the creators of the WMS-IV allowed for parceling out the Spatial and Content scores into 
individual scores for further study. While the overall scores of the Designs test have 
shown some meaningful differences between clinical populations, the individual Designs 
Spatial and Content scores have not been examined in this type of study discretely. The 
WMS-IV normative studies included examinations of various other clinical groups in 
17
order to examine their differential sensitivity (PsychCorp, 2009). Special groups were 
selected due to their known or presumed deficits in memory or related cognitive 
functioning, as well as the high incidence in clinical referrals for memory. 
Temporal Lobe Epilepsy. Given the importance of the medial temporal lobes for 
episodic memory formation and retrieval, researchers devote particular attention to 
individuals with temporal lobe epilepsy (TLE) and associated mesio-temporal 
abnormalities, who commonly report subjective memory complaints (Rzezak, et al., 
2017). Studies using previous editions of the WMS comparing left and right temporal 
lobe epilepsy patients have yielded mixed results as to the lateralization of patterns of 
auditory and visual memory scores. 
Some studies revealed an association between a left-hemisphere localization and 
verbal memory performance (Barr, 1997; Doss, Chelune, & Naugle, 2004; Harvey et al., 
2008; Moore & Baker, 2003; Wilde et al., 2003), whereas other studies related visual 
memory performance to right-hemisphere localization (Baker et al., 2003; Doss et al., 
2004; Harvey et al., 2008; Wilde et al., 2001). In contrast, other studies did not find any 
differences between left and right TLE patients and WMS performance (Jones-Gotman et 
al., 2010; Raspall et al., 2005).
These findings suggest that previous versions of the WMS demonstrate variable 
discriminative power in their ability to distinguish left from right TLE patients. Soble et 
al. (2014) examined the clinical utility of the WMS-IV subtests in predicting the laterality 
of TLE in sample of 57 individuals with confirmed unilateral TLE. Participants were all 
administered the WMS-IV and the Rey Auditory Verbal Learning Test (RAVLT), a list 
learning test with robust ability to distinguish laterality of TLE within the language 
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dominate hemisphere. Authors found that none of the WMS-IV scores predicted 
significant variance in the models, concluding that the WMS-IV did not offer any 
predictive power in determining seizure laterality in localization-related temporal lobe 
epilepsy beyond what could be obtained from the commonly used word list measure 
alone. Furthermore, the Designs subtests were not found to be significant predictors of 
lateralization. Thus, they concluded that the visually-based memory measures in the 
WMS-IV were not sensitive to gross non-dominant temporal lobe dysfunction. These 
findings may be explained by the single-trial learning paradigm of many of the subtests, 
which can be impacted by other neuropsychological factors such as poor attention or 
speed of processing.  
In contrast, a similar study by Bouman, et al. (2016) sought to examine the 
clinical validity of a newly developed Dutch version of the WMS-IV in a sample of 77 
patients with medically intractable TLE and 75 matched controls. Each participant was 
administered the Dutch WMS-IV and between- and within-group analyses were 
conducted. Findings indicated that TLE patients performed significantly worse than 
controls on all indices, but did not differ in performance on the individual Logical 
Memory I, Verbal Paired Associates I, Designs II, Spatial Addition or Symbol Span 
subtests.
Additionally, those with mesio-temporal abnormalities in this sample performed 
significantly lower than those with lateral temporal abnormalities on Logical Memory I, 
Designs II and the overall Visual, Immediate and Delayed Memory indices. They did not 
find that the Dutch WMS-IV was able to distinguish between a left and right temporal 
lateralization of the epileptic focus. Moreover, participants with right TLE did not 
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perform significantly worse on visual memory compared to verbal memory, whereas 
patients with left TLE did not perform significantly worse on verbal memory in 
comparison to visual memory. In addition, no significant differences were found between 
left TLE and right TLE patients on the other index, subtest scores or a visual vs. verbal 
discrepancy score. While results do not show utility in using the WMS-IV for 
determination of lateralization of epileptic focus in TLE, there was evidence for detection 
of memory problems in this sample. 
Within the WMS-IV normative research, individuals who were diagnosed with 
temporal lobe epilepsy and underwent left or right temporal lobectomy were examined 
using the full WMS-IV (PsychCorp, 2009). A sample of 15 individuals ages 16 to 42 
diagnosed with right temporal lobe epilepsy who received a right temporal lobectomy for 
intractable seizures completed the WMS-IV post-surgery. All index scores were 
significantly lower for this group than matched controls, with the exception of Auditory 
Working Memory. All of the visual memory subtests were significantly lower in the 
clinical group. Designs Content II did not differ between groups, though Designs I 
Content and Designs I Spatial scores had the largest effect sizes of process scores.
A sample of 8 individuals ages 24 to 42 diagnosed with left temporal epilepsy 
who underwent temporal lobectomy were also administered the WMS-IV (PsychCorp, 
2009). This group demonstrated significantly lower Visual Working Memory Index 
scores and Logical Memory subtest scores. Other index and subtest scores did not differ 
from the matched controls. Previous research suggests temporal lobectomy affects object
memory (e.g., faces) more than spatial processing, regardless of side (Chiaravalloti & 
Glosser, 2004). These results yield expected differences in memory functioning between 
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hemispheres; however, small sample sizes limit the confidence in conclusions. 
Overall, the WMS-IV and earlier versions have not been found to be sensitive for
determining simple lateralization of visual memory functioning in patients with non-
dominant TLE. This may be due to testing paradigms, such as the lack of multiple 
learning trials on the visual tasks, or factors related to the clinical population, such as 
cortical reorganization of functions across hemispheres that can occur. Despite this, there 
was evidence for differences between Designs Content and Spatial scores in those who
underwent right temporal lobectomy. This suggests that the Spatial I and Content I scores 
are sensitive to mesial-temporal functioning, while the delayed scores are less sensitive. 
Traumatic Brain Injury. Another common referral for evaluation of memory is 
in cases of accidents leading to brain injury. The WMS is among the most common 
measures utilized to assess memory functioning in adults who have suffered a traumatic 
brain injury (TBI; Strauss, Sherman & Spreen, 2006). The sequelae of a TBI are 
widespread and often dependent on the severity and the nature of the injury, with the 
majority of recovery of cognitive effects occurring within six to 24 months post-injury 
(Rao & Lyketsos, 2000). Persistent cognitive deficits resulting from focal and diffuse 
damage do occur, with the magnitude depending on various factors, such as degree of 
injury, duration of loss of consciousness, clinical evidence of brain stem injury 
dysfunction during injury, etc. 
Given the high incidence of TBI and large numbers of individuals living with 
long-term disability and persistent subjective cognitive complaints, accurate 
measurement is important in making treatment and legal recommendations.  Previous 
studies utilizing the WMS III found that individuals who suffered moderate to severe TBI 
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performed significantly lower on most of the performance indices than matched controls 
and those with moderate to severe TBI performed significantly poorer on the visual 
memory indices than on the auditory memory indices compared with mild TBI, even 
when controlling for scores on measures of effort (West, Curtis & Bianchini, 2011; 
Fisher, et al., 2000). Given the methodological issues with the Faces and Family Pictures 
subtests on the WMS III, and subsequent changes in the WMS-IV these results should be 
interpreted with caution.
During collection of the normative data, the WMS-IV was administered to a 
sample of 32 examinee, aged 19 to 45 who suffered a moderate or severe TBI 
(PsychCorp, 2009). Compared with matched controls, this group scored significantly 
lower on all index scores, with large effect sizes. The largest difference was on Visual 
Working Memory Index. At the subtest level, there were large effect sizes on all subtest 
differences, with the exception of Logical Memory I and Visual Reproduction I, which 
produced moderate effect sizes. Process score differences produced large effect sizes, 
with the exception of the Designs II Spatial score, which was moderate. 
Carlozzi, Grech and Tulsky (2013) examined a sample of 100 individuals who 
suffered a medically documented TBI (n = 35 mild to moderate; n = 65 severe 
classification) using the WMS-IV, and compared results with 100 matched controls from 
the WMS-IV normative dataset. The authors found that the individuals with severe TBI 
performed more poorly on all WMS-IV indices and subtests than matched controls, with 
the largest effect sizes for Designs I, Designs II, Spatial Addition and Symbol Span. 
Individuals with mild to moderate TBI performed more poorly than matched controls on 
all index scores, and on subtests within the visual and visual working memory indices. 
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Specifically, they found that the visual memory tests better discriminated between mild 
TBI and moderate to severe TBI than verbal memory tests. Results of this study provide 
evidence of construct validity of the WMS-IV, including the newly added Designs 
subtests, in individuals with TBI. 
Interestingly, the visually based memory subtests were more sensitive to degree of 
injury in these samples, suggesting they may be particularly sensitive to diffuse, non-
focal neurological injury. 
Dementia. Performance on memory tests can be a defining feature of a diagnosis 
of mild or major neurocognitive disorder, and different patterns of memory functioning 
can provide evidence for specific di
validity and high rates of guessing in older cohorts within the normative sample, the 
Designs subtests are not administered to adults over the age of 65. Though the WMS-IV 
Older Adult battery does not include the Designs subtest, it utilizes the Visual 
Reproduction subtest as a measure of visual memory. This battery was administered to a 
group of 48 individuals diagnosed with Probable Dementia of t
Overall, every mean index and subtest score was significantly lower for this sample, 
compared with the non-clinical sample. The WMS-IV Older Adult battery was also 
administered to a group of 50 individuals, aged 55 to 84, diagnosed with Mild Cognitive 
Impairment, all subtypes. This group performed approximately one standard deviation 
below the means of the normative sample on all index scores, with large effect sizes. The 
Visual Memory index contrast scaled score was significantly lower than the Auditory 
Memory score. Interestingly, the Designs Content scores differed significantly between 
the MCI and matched controls, but the Spatial scores did not.
23
Despite this, group heterogeneity and small sample size complicate the 
conclusions that can be drawn from this finding.  Given the pattern of neural
hypothesized that the Designs content score may be reduced compared with the spatial. 
However, given limitations to this subtest, Designs was only administered to a small 
subset of younger individuals from the MCI group, making these hypotheses difficult to 
test.  
Psychiatric Disorders. Individuals with psychiatric disorders are often referred 
for neuropsychological evaluation due to subjective cognitive complaints such as 
difficulty with memory, thinking, and concentration. It is important to utilize 
neuropsychological tests that are sensitive to genuine memory impairment and that are 
able to discriminate between disorders of organic versus psychiatric in origin. 
As part of the normative sample, the WMS-IV Adult battery was administered to 
84 participants, aged 21-69, who received a diagnosis of Major Depressive Disorder 
based on DSM-IV-TR criteria (PsychCorp, 2009). At the index score level, small effect 
sizes were observed for the Visual Memory, Visual Working Memory and Immediate 
Memory indices.  Significant group differences were not found for the Delayed Memory 
Index. For tests of visual memory, the clinical sample had significantly lower scores on 
the Designs Content II score, and the Visual Reproduction subtests.
Similarly, a sample of 60 examinees, aged 18-55, who were diagnosed with an 
anxiety disorder (PTSD, Generalized Anxiety Disorder, etc.) were administered the 
WMS-IV (PsychCorp, 2009). This group differed from matched controls on the Visual 
Memory and Immediate Memory indices, with small effect sizes.  The visual memory 
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Designs I, Designs I Content, Designs II, and Visual Reproduction I subtests all differed 
significantly compared to the matched controls, with small effect sizes.
Another study conducted during WMS-IV development included individuals 
diagnosed with Schizophrenia. Cognitive difficulties are often encountered in individuals 
diagnosed with schizophrenia, including reduced processing speed, working memory and 
general intellectual functioning. Previous studies have found that verbal memory deficits 
best discriminate schizophrenia patients from controls (Müller, Sartory & Bender, 2004). 
The WMS-IV was administered to 55 examinees, aged 18 to 63, with a diagnosis of 
Schizophrenia based on DSM-IV-TR criteria (PsychCorp, 2009). Large effect sizes for 
group mean differences were observed for all index scores, with the largest difference in 
Immediate Memory. Moderate effect sizes for each visual memory test were observed, 
including Designs Content and Spatial Scores.  
Overall, studies of individuals with psychiatric disorders performed lower on the 
visual memory index compared with other aspects of memory (verbal, immediate, 
delayed). Interestingly, test publishers found similar patterns of reduced visual memory 
performance compared to auditory in groups of individuals diagnosed with Autistic 
rder in Mathematics. While 
these samples were relatively small and heterogeneous, the patterns of scores found 
provide evidence that the tests of visual memory may be affected by other cognitive 
inefficiencies associated with psychiatric illness.
Functional Ability. An important consideration in test construction and
validation is ecological validity, or generalizability to real-life situations. This is 
particularly important with memory functions, as day-to-day problems can add to 
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functional impairment. During the collection of normative data for the WMS-IV, a subset
of participants was also administered the Texas Functional Living Scale (TFLS), which 
contains 24 performance-based items assessing various aspects of instrumental activities 
of daily living, such as communication and managing money. 
Within a clinical subset, correlations between WMS-IV scores and total TFLS 
score were moderate to high, with the highest correlation being with the Symbol Span 
subtest (Drozdik & Cullum, 2011). The Visual Working Memory Index correlated most 
highly, while the other memory indices had moderate correlations. The Designs I and II 
subtests had moderate correlations with the TFLS total score in the clinical population, 
but not in a normative sample. It is important to note that items specifically related to 
spatial memory (e.g., becoming lost, losing things), are not included on this measure. 
These findings suggest that a working memory aspect plays into activities of daily living, 
though episodic memory abilities also contribute to performance on this test. Further 
research should be conducted using similar ecologically valid tests, as neuropsychologists 
are often called upon to evaluate patien
functions. 
Overall, differences in auditory versus visual memory occurred in studies utilizing 
the WMS-IV in various clinical samples. The Designs subtest added to these differences; 
however, the Content and Spatial process scores were variable amongst groups. 
Generally, the Content scores followed patterns of other visual memory tests, while the 
Spatial scores did not. This suggests that these scores may differ in sensitivity and 
specificity in detecting their respective visual memory impairments.
Validity of WMS-IV Designs
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In order to measure a complex mental traits or behavioral characteristics using test 
scores, standards are 
relation to the larger population. This helps to show the utility of a test in a given 
population or sample. In general, the concept of validity is demonstrated by evidence that 
the test measures what it claims to measure, given in several forms (Gregory, 2007). Face 
validity refers to whether a test appears to measure what it actually does measure on a 
superficial level. For example, a visual memory test may involve asking the examinee to 
memorize some visual information and recall it later. To establish face validity, the input 
of subject matter experts is used to judge whether the test assess all aspects of the 
intended content. According to WMS-IV developers, the Designs subtest was adapted 
from a similarly formatted test, and information gathered from literature 
review and input from experts was used to make it suitable for an adult population
(PsychCorp, 2009). 
Another form of validity, one that is demonstrated quantitatively through
research, is construct validity, or evidence in support of group differences that are 
consistent with an underlying theory of the construct being measured. Raykov,
Marcoulides and Tong (2016) state that researchers can evaluate construct validity of 
assessments by examining relationships between measures of theoretically similar and 
dissimilar constructs. 
When multiple tests are available, each of which have adequate construct validity, 
they may be compared to each other to demonstrate convergent validity, or evidence that 
test scores correlate with each other when administered to the same group of people, 
indicating that they measure a similar construct in similar ways. Coincidently, tests 
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measuring different constructs should show low relationships to one another, 
demonstrating a concept known as divergent validity. During the development of the 
WMS-IV test, several such studies were conducted with the normative sample. 
WMS-IV. Studies examining the interrelationships between the subtests and 
index scores of the WMS-IV to provide evidence of convergent validity were included in 
the normative sample (PsychCorp, 2009). All subtests correlated significantly with 
each other, and with the index scores. The Designs I and II subtests showed moderate
correlations with the other test of visual memory, Visual Reproduction. Designs I and II 
and Designs Content and Designs Spatial scores had moderate to high correlations to one 
another. The same patterns of correlations were observed in the clinical normative 
sample, with higher correlations due to increased score variability. Overall, the Designs 
scores correlated significantly with all WMS-IV memory measures but showed slightly 
higher correlations with the other measure of visual memory than with other tests. On 
factor-analytic studies of the WMS-IV subtests, Designs II and Visual Reproduction II 
loaded together on a factor deemed Visual Memory. This evidence of convergent validity 
of the visually-based subtests allowed the test creators to include Designs in the visual 
memory index. 
Visual Memory Tests. In order to further establish further convergent validity or
provide evidence that the Designs test measures visual memory, the developers compared 
the test to other visual memory tasks. Scores obtained from the WMS-IV were first 
compared to scores on the WMS-III. Interestingly, correlations between Designs and 
Faces (r = .35, r = .38 delayed) were the lowest among WMS-IV and WMS III subtests 
comparisons, suggesting they measure different or unrelated content or abilities. The 
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correlation between Designs and Family Pictures (r = .41, r = .43 delayed) was slightly 
higher, though issues with poor construct validity encountered with the Family Pictures 
test make this correlation difficult to interpret.
A young subset of the normative sample was used to compare WMS-IV to scores 
moderate correlations to the Visual Index scores. The correlation between Designs scores 
and Dot Locations was moderate (r = .37), although they measure similar spatial abilities 
using similar methods. The delayed trial of Designs correlated at a lower magnitude with 
Dot Locations delayed (r = .13) which may be due to having learning trials included on 
the Dot Locations subtest. Similar correlations were found between Designs and Faces 
scores on the CMS. This suggests that the overall Designs score may tap into spatial 
working memory abilities, but scores representing longer-term retention of the 
information may not be valid. The authors did not include the Content and Spatial 
subscores in this analysis.
Overall, the Designs test did not show consistently significant relationships with 
other tests of visual memory, though the magnitude of these relationships may be affected 
by different testing paradigms used. The separate Content and Spatial scores also warrant 
further study compared with other measures.
Visuospatial Tasks. Several measures of visuospatial functioning and reasoning 
were compared to the WMS-IV subtests.
accurately perceive and manipulate visually and tactile based stimuli. Designs I showed 
moderate correlations with Block Design, Matrix Reasoning and Visual Puzzles from the 
Wechsler Adult Intellectual Scale, 4th edition, while correlations with the Content and 
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Spatial scores and delayed trial were slightly lower, but also moderate. The Content I
score had the highest correlation with Matrix Reasoning, while the Spatial I score 
correlated most highly with Block Design. The RBANS Visuospatial/Constructional 
index also correlated moderately with Designs (r = .34). The correlation between the 
Designs Content score was low, but the Spatial score was moderate (r =. 14 vs r = .45).
These correlations suggest that the Designs subtest requires a degree of visuo-spatial 
perception and reasoning, particularly in discriminating the target designs from the 
distractors accurately.
Executive Functioning Tasks. The WMS-IV developers also compared the test 
to others that measure aspects of executive functioning. Executive functioning refers to 
the planning, manipulation and execution of tasks in an efficient manner. Generally, 
greater executive functioning skills correlate with higher overall test performance. Tests 
of executive functioning used for this analysis examined working memory, rapid task-
shifting, and verbal word generation fluency, as well as rating scales that ask about daily 
aspects of executive functioning. 
On the WAIS-IV, the Designs subtests had moderate correlations with the Digit 
Span subtest. On the Delis-Kaplan Executive Function System (D-KEFS), Designs 
correlated highly with Trail Making number-sequencing and letter-sequencing combined 
times, and moderately with the number-letter switching trial. The Designs Content scores
had higher correlations than the Spatial scores with the Trail Making Test scores,
particularly after a delay. Correlations with verbal fluency tasks on the D-KEFS were 
lower, as expected given the nature of the test, but the Designs Content score was more 
highly correlated to Letter and Category Fluency than the Spatial score. On a rating scale 
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of executive functioning, the Brown ADD Scale, the Designs scores correlated highly 
with a scale measuring effort, and moderately with scales of affect regulation and 
activation. These correlations suggest that the Designs subtests, particularly Content,
relate to executive functioning skills, perhaps with putting forth effort to develop a 
strategy to solve the task in an efficient manner.
Attention. Sufficient encoding of any material to memory requires intact 
attentional resources, therefore test developers compared measures of attention to the 
WMS-IV scores. Formal assessment of attention in children is common, though with 
adults, clinical information is often gathered from observation and behavioral rating 
scales. On the CMS in a child population, Designs correlated moderately with the 
Attention/Concentration Index score, and the Designs Content score correlated more 
highly to this index than the Designs Spatial score. In an adult population, the Designs 
score correlated moderately with the Attention Index on the RBANS, and the Designs 
Content score was also more highly correlated than the Spatial score. On the Brown ADD 
Scale, the Designs scores all had only a small correlation with the Attention subscale.
These relationships suggest that visual attention may play a larger part in accurately 
discriminating figures from similar distractors than in remembering spatial locations. 
Language and Verbal Memory. In order to explore divergent validity, tests 
without a visual component were compared to the Designs scores. Comparing these types 
of tests can help to determine the degree of verbal ability associated with test 
performance. Despite the efforts to minimize verbal mediation of the Designs task, some 
correlations existed with tests of language and verbal memory, though they were 
generally smaller in magnitude than the other visually-based tests.
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The Designs subtest showed moderate correlations with WMS-IV auditory 
memory subtests and all scores from the California Verbal Learning Test, second edition 
(CVLT-II), providing some evidence for the interference of verbal ability. The Content 
score moderately correlated to the CVLT-II Total score (r = .40), while the Spatial score 
had a lower correlation (r = .28). However, of all the subtests of the CMS, Designs 
correlated most strongly with the Word Pairs 2 subtest and showed moderate correlations 
with the Verbal Delayed index score. The Designs Content subscale had the strongest 
correlations with the Stories and Word Pairs tests on the CMS, while the Spatial subscale 
had very low correlations with these verbal memory tasks. 
With regards to tests of verbal ability, Designs correlated moderately with the 
Vocabulary and Similarities subtests on the WAIS-IV. On the RBANS, the Designs 
Spatial score correlated more highly than the Content score with the Immediate Memory 
index score, comprised of two verbal memory tasks. Designs correlated slightly higher 
with the Language index from the RBANS (r = .43) than on the Visuospatial-
Constructional Index, with the Content score correlating more highly to this score than 
the Spatial score (r = .39 vs r = .28), particularly after a delay (r = .37 vs r = .02). These 
patterns, taken together, suggest a degree of language involvement of the Designs test,
particularly with the Content score. The relationship to the verbal memory scores may 
also be influenced by a general memory or intelligence factor.
Overall, the test publishers provided several additional test scores to compare the 
newly developed WMS-IV subtest scores to. There was inconsistent evidence of 
arameters 
differed greatly from those they were compared to. The Designs subtests showed a 
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relationship with other tests of visuospatial abilities, executive functioning and attention.
Divergent validity was not established fully, as the Designs scores significantly correlated 
with tests of language and verbal memory. The Content and Spatial subscores had 
differing relationships to each of these variables, suggesting they tap into separate 
cognitive abilities, though further examination is warranted specifically designed to study 
these measures.
Purpose and Clinical Relevance
The problem addressed by the current study involves examining the newly-
developed WMS-IV Designs test, specifically the Content and Spatial subscales. The
majority of studies using these subtests are derived from normative data provided by the 
WMS-IV developers, and the relationships with other measures of cognitive functioning 
have not been explored in an adult sample. The primary Designs scores are reduced in 
traumatic brain injury, temporal lobe epilepsy, dementia, and psychiatric disorder
populations; however, the Content and Spatial scores do not follow any consistent pattern
among groups. This suggests that these scores may differ in sensitivity and specificity in 
detecting visual memory impairments and are actually measuring separate constructs.
Given challenges faced with other measures of visual memory, there may be other 
confounding issues impacting scores, such as high guessing rates, or strong confluence of 
other cognitive abilities on test performance.
The overall Designs scores have moderate to low correlations with most of the 
cognitive areas studied, including verbal abilities; and the Designs scores factor together 
with the Visual Reproduction scores on the WMS-IV. This test appears to have better 
psychometric properties than other tests of visual memory included in previous WMS 
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version; however, given the multitude of challenges faced in producing tests of visual 
memory, further study of this measure is warranted. Furthermore, to date, no studies have
attempted to compare performance of the Designs Content and Spatial subscale scores
individually with other neuropsychological measures. The present study adds to the 
literature on the WMS-IV by identifying specific cognitive abilities that influence the 
variance in performance on the Designs subtests, including the Spatial I and II, and 
Content I and II subscales in a clinical sample, thus helping to understand what these 
measures assess. The areas of attention, visual-spatial skills, visual memory and 
executive functioning were chosen, given the understanding of visual memory pathways 
in the brain and the confluence of these abilities on function. Given the understanding of 
these pathways, as well as information gathered from previous studies utilizing this test, 
hypothesized models for predicting the subscales were created. Separate models were 
tested for each of the Designs subtests (Content I, Content II, Spatial I and Spatial II) to 
examine variables influencing both immediate and long-term performance on this task.
Results of this study can aid in interpretation of these subscales and provide 
information on the relative importance of interpreting results within the context of a 
comprehensive neuropsychological test battery. Evidence of construct validity is 
necessary for clinicians to utilize test data to make informed decisions. The distinction 
between memory for visual content versus spatial location is important given the 
heterogeneity of memory complaints in clinical populations, and implications in day-to-
day functioning. Greater insight into these scores can allow clinicians to asses specific 
areas of functioning, and therefore refine diagnostic impressions, and clarify etiologies 
and prognosis of impairment. 
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Hypotheses
Hypothesis 1- Content I. It was hypothesized that tests of visual attention (CPT-
II Omissions and Trails A), visuospatial reasoning (WAIS-IV Matrix Reasoning) and free 
recall visual memory (WMS-IV Visual Reproduction I) would significantly account for
explained variance in immediate visual content, above and beyond constructional ability 
(WAIS-IV Block Design), executive functioning (Trails B, WCST Perseverative errors) 
and delayed memory (WMS-IV Visual Reproduction II, TPT Memory, TPT Locations),
when controlling for age, education and verbal intelligence (WAIS-IV Verbal 
Comprehension index).
Due to the short presentation of the stimuli in the Designs task, a degree of visual
attention and processing speed is required for accurate responding. As described in the 
WMS-IV normative studies, attention moderately correlated with the Designs Content I 
score. As demonstrated by Adam, Vogel and Awh (2017), active attention is required for 
adequate encoding of memory for objects. Therefore, it was theorized that scores that 
assess visual attention and response speed would have significant relationships with the 
Content I score.
Research suggests that encoding the visual characteristics of an item relies on 
non-dominant cortical and hippocampal regions (Zammit, et al., 2017). Within the WMS-
IV normative sample, a group of individuals diagnosed with temporal lobe epilepsy who
underwent left or right temporal lobectomy performed significantly below matched 
controls on Content I, but not Content II. Encoding the characteristics of a stimulus 
requires accurate perception and pattern recognition- functions of non-dominant temporal 
regions. Therefore, it was hypothesized that visuospatial reasoning would be related to 
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the accurate selection of figures on the Content I task.
While paradigms vary across different tests of visual memory, initial acquisition 
of visual information relies on similar cognitive abilities (Barr, 1997). Given evidence of 
convergent validity between Content I and the measure of immediate recall memory for a 
design, it was theorized that there would be a significant relationship with this immediate 
visual memory subtest score and Content I. 
Hypothesis 2- Content II. It was hypothesized that tests of executive functioning 
(Trails B, WCST Perseverative errors) and delayed free recall visual memory (WMS-IV 
Visual Reproduction II, TPT Memory) would significantly account for explained 
variance in delayed visual content memory, above and beyond visual attention (CPT-II
Omissions and Trails A), constructional ability, visuospatial perception and reasoning 
(WAIS-IV Matrix Reasoning; Block Design and Visual Puzzles), spatial memory (TPT 
Locations), and immediate visual memory (WMS-IV Visual Reproduction I), when 
controlling for age, education and verbal intelligence (WAIS-IV Verbal Comprehension 
index).
Content II scores are based on the accurate retrieval of visually-based information 
that was previously viewed. The recall of such information after a delay can be effortful, 
as information may not be in conscious awareness and is difficult to rehearse. Aspects of 
way, including the generation of an internal strategy to recall them accurately. Based on
studies of validity of the WMS-IV in normative and clinical populations, the Content II 
scores had higher correlations with tests of executive abilities than the Spatial scores 
(PsychCorp, 2009). 
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As such, it was thought that performance on Content II would relate to tasks 
requiring the ability to generate a logical strategy to solve a task, and to carry the strategy 
out efficiently. Selected measures reflect both basic and more complex aspects of 
executive functioning. Previous comparisons during development of the WMS-IV did not 
utilize a more complex executive functioning measure reflective of problem solving and 
strategy generation, though simpler tasks of executive functioning correlated with the 
Content II scores. It was hypothesized that both basic and more complex executive 
functioning would be associated with retrieval of visual content information after a delay.
As this subtest requires retrieval of visual information from memory stores, it was 
also thought likely that tests requiring similar function would significantly predict scores. 
Given evidence of convergent validity with Content II and the delayed trial of the other 
measure of visual reproduction memory, it was theorized that there would be a significant 
relationship with other delayed visual memory subtest scores. 
Hypothesis 3- Spatial I. It was hypothesized that tests of visuo-spatial perception 
and constructional praxis (WAIS-IV Block Design and Visual Puzzles) would
significantly account for explained variance in immediate spatial memory above and 
beyond visual attention (CPT-II Omissions and Trails A), visual reasoning (WAIS-IV 
Matrix Reasoning), executive functioning (Trails B, WCST Perseverative errors) and 
visual and spatial memory (WMS-IV Visual Reproduction I and II, TPT Memory, TPT 
Locations), when controlling for age, education and verbal intelligence (WAIS-IV Verbal 
Comprehension index).
Recalling the spatial location of information shortly after it is presented requires 
multiple functions. First, the information is processed in the visual pathways, and 
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encoding of the information is enhanced by intact visual-perceptual skills and the ability 
to recognize or generate patterns visual information (Sala, et al., 1999). Given this 
information, as well as correlational evidence from test publishers, visual-perception 
skills were thought likely to influence Spatial I performance. This was further evidenced 
by studies with clinical populations, particularly in samples of individuals who underwent 
temporal lobectomy. Impairment of temporal and surrounding structures can particularly 
affect such visual-perceptual skills.  Compared with controls, individuals who underwent 
this surgery scored lower on the Spatial I score, suggesting this function is important for 
immediate spatial memory. 
In addition, this score reli ly pick up an 
item and physically place it in the correct location on a board. This requires intact ability 
to first perceive the locations in space, then replicate them from short term memory
stores. It was thought likely that tests that utilize both manual and mental manipulation of 
visually-based information to solve a problem would relate with the Spatial I score. 
Correlational analyses provided by test publishers demonstrate that this score had 
moderate correlations with a test of visuo-spatial praxis and construction, and this finding 
was expected to be replicated in the present study. 
Hypothesis 4- Spatial II. It was hypothesized that delayed free recall visual 
memory and delayed incidental spatial memory (WMS-IV Visual Reproduction II and 
TPT Locations) would significantly account for explained variance in delayed spatial 
memory above and beyond visual attention (CPT-II Omissions and Trails A), visual 
reasoning (WAIS-IV Matrix Reasoning, Block Design and Visual Puzzles), executive 
functioning (Trails B, WCST Perseverative errors) and visual and content memory 
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(WMS-IV Visual Reproduction I, TPT Memory), when controlling for age, education and 
verbal intelligence (WAIS-IV Verbal Comprehension index).
Memory for an 
evidenced by challenges to validity found in many tests created in the past. Similarly, the 
Spatial II score has the lowest correlations compared to other process scores studied, and 
may suffer from poor validity. The hypothesized relationship is based on theory that 
delayed memory for locations of objects in space requires a network of cognitive abilities 
that are not necessarily localized to one brain region (Evans & Baddeley, 2018). It was
theorized that comparing this score to a measure designed specifically to assess spatial 
memory would provide evidence of shared variance and that this score measures what it 
intends.  
Additionally, performance on this subtest requires retrieval of visually-based 
information from memory stores, and relates to other measures of delayed visual 
memory, above other variables. This was based on factor loadings of this score with the 
other delayed visual memory test score. While the delayed visual reproduction task does 
not have an implicit spatial location memory component, the scores were hypothesized to 
be related based on findings that object and spatial memory share common variance on 
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Chapter III: Methods 
Participants
De-identified data were gathered from an archival database maintained by the
Nova Southeastern University Psychology Services Center Neuropsychology 
Assessment Center. The participants included in this database were clinically referred for 
a comprehensive neuropsychological evaluation and previously completed the tests 
utilized in this study. The participants were administered the test battery by doctoral level 
clinical psychology students trained in standardized administration and supervised by two 
licensed clinical psychologists. The comprehensive battery included measures of general 
intellectual functioning, memory, executive functioning, attention, personality and 
emotional functioning and lasted about 12-15 hours spread over multiple three-hour
testing sessions with breaks given throughout to minimize fatigue. The participants were 
considered for DSM-IV-TR or DSM-5 clinical diagnoses based upon their test results, 
information gathered from a clinical interview, review of client records and collateral 
report when available. 
The archival database included 1,088 adult subjects. The participants were 
included in the current study if they were administered the measures utilized in the 
current study. Individuals were excluded if they were below age 16; if the evaluation was 
completed in another language besides English; if one or more measures of performance 
validity were not passed; or if they did not complete the entire test battery. Of this pool, 
930 participants were tested on previous versions of the WMS, which did not include the 
Designs Content and Spatial subscales. These participants were not included in the 
sample for this study. The selected participants met other inclusion criteria outlined. 
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Participants included consisted of 158 individuals age 16 to 64 (M = 32.87, SD =
13.03), predominantly female (61.4%) and right-handed (82.3%), with an average of 13.6 
years of education (SD = 2.05). Participants self-identified their ethnicity
- - 1.4%). Of 
the total, 9.8% of individuals tested were not assigned a DSM-IV-TR or DSM-5
diagnosis, while the most commonly assigned were Learning Disorders (17% Reading, 
16.4% Math), followed by Anxiety Disorders (13.9%), Personality Disorders (10.8%), 
Major Depressive Disorder (8.9%), Adjustment Disorder (9.5%), and other 
neurodevelopmental disorders (Intellectual Disability 7%, ADHD 3.7%, Autism 1.8%). 
Measures
Wechsler Adult Intelligence Scale Fourth Edition (WAIS-IV). The WAIS-
IV measures global intellectual and cognitive functioning in adolescents and adults ages 
16 to 90 (Wechsler, 2008).  The test has ten core subtests and index scores are derived 
from these subtests. The WAIS-IV is a well-established scale and it has fairly high 
consistency. The test correlates highly with the Stanford-Binet IV intelligence test (0.88) 
and had high concordance with various measures of memory, language, dexterity, motor 
speed, attention, and cognitive ability in a normative sample (Wechsler, 2008). For the 
purpose of this study, Block Designs, Matrix Reasoning, Visual Puzzles and the Verbal 
Comprehension Index will be utilized.  
In Block Design, participants are asked to assemble four or nine blocks, which are 
red on some sides, white on some sides, and half red and half white on some sides, to 
match a picture stimulus. Participants receive four points for correctly assembled designs, 
as well as additional time bonuses on harder items if these items are completed quickly. 
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Total raw scores are calculated by summing the number of points received.  The Block 
design subtest requires the participant to compose a design from its parts using an 
understanding of how objects can be altered in the spatial domain. In a sample of
university students, the Block Design subtest significantly predicted scores on tasks of 
everyday spatial ability, such as following a set of directions (Groth-Marnat & Teal, 
2000). This measure also correlates highly with other measures of visuo-spatial abilities 
and is one of the most widely utilized test of spatial and constructional abilities (Canivez 
& Watkins, 2010). This score was used in this study as a measure of visuo-spatial ability.
In Matrix Reasoning, participants view an incomplete matrix or series of visual 
stimuli and select one of four response options to complete the matrix or pattern. 
Participants receive one point for correct responses. Total raw scores are calculated by 
summing the number of points received.  The Matrix Reasoning test requires a participant 
to accurately perceive the stimuli and answer choices, but also requires further visuo-
spatial reasoning to arrive at a solution. Benson, Hulac and Kranzler (2010) used factor 
analysis to examine the structure of the WAIS-IV subtest and concluded that Matrix 
Reasoning is a better measure of fluid non-verbal reasoning than of more basic visual 
processing. This subtest contributes to the overall Perceptual Reasoning Index and was 
utilized as a measure of non-verbal reasoning in this study.
The Visual Puzzles subtest, requires participants to view a completed puzzle and 
select three response options that will combine to make the completed picture. If all three 
response options selected are correct and chosen within the time limit, participants 
receive one point for the item. Total raw scores are calculated by summing the number of 
points received.  This test requires visual-spatial perception and manipulation to arrive at 
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a correct response. Analysis of the structure of the WAIS-IV subtests provide evidence 
that this test is a valid measure of visual processing (Benson, Hulac & Kranzler, 2010, 
Wechsler, 2008). This measure adds a different aspect of visual-processing to the overall 
Perceptual Reasoning Index and was included as a measure of visual-spatial processing in 
this study.
The Verbal Comprehension Index (VCI) from the WAIS-IV was used as a 
measure of verbal intelligence. This index is comprised of the Vocabulary, Similarities 
and Information subtests. The Vocabulary subtest is comprised of 30 items and requires 
participants to verbally define words. Responses are scored according to guidelines in the 
WAIS-IV Administration Manual. Items four through 30 are scored as zero, one, or two 
points. Items one through three are scored as zero or one point. Total raw scores are 
calculated by summing the number of points received. The Similarities subtest is 
comprised of 18 items and requires participants to describe how two words are alike. 
Items are scored according to guidelines in the WAIS-IV Administration Manual. Zero, 
one, and two-point responses are listed in the manual, which also specifies when 
participants' responses should be queried. Total raw scores are calculated by summing the 
number of points received. The Information subtest requires participants to answer 
questions about a broad range of knowledge and has been described as measuring verbal 
comprehension, factual knowledge, and expressive language abilities (Sattler & Ryan, 
2009). Answers are scored as either zero or one according to guidelines in the WAIS-IV 
Administration Manual. Total raw scores are calculated by summing the number of 
points received.  The information subset requires participants to provide answers to 
questions about general knowledge subjects. Total raw scores are calculated by summing 
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the number of questions answered correctly according to rules in the WAIS-IV 
administration manual. This test requires an ability to learn and retrieve facts from 
memory and gives an estimate of crystallized intelligence and general fund of knowledge. 
to comprehend verbal information, reason and communicate thought and ideas fluently, 
all of which are important for academic and social functioning (Weiss, Saklofske, 
Coalson & Raiford, 2010). This score was used to examine the influence of verbal ability 
on the other scores.
Wechsler Memory Scale Fourth Edition (WMS-IV). First made available for 
use in 2009, the WMS-IV was designed to assess several aspects of memory, including 
immediate, delayed, visual, auditory, and working memory in individuals between the 
ages of 16 a 69 (Lezak & Lezak, 2004). It consists of 10 subtests, which contribute to 
index scores that assess auditory memory, visual memory, visual-working memory, 
immediate memory and delayed memory.  Results of reliability studies indicate that most 
of the WMS-V subtests have moderate to high internal consistency, with an average 
range of coefficients from .74 to .97 across the age groups (Wechsler, 2009). The subtests 
that were utilized in this study are Visual Reproduction I and II, Designs I and II 
subscales, Logical Memory I and II and Verbal Paired Associates I and II.   
For Visual Reproduction, participants are shown a design or several designs for 
10 seconds. For Visual Reproduction I, after the design is removed, participants are asked 
to draw immediately, from memory, the design they had just seen. For Visual 
Reproduction II, participants are asked to draw the design from memory after a 20- to 30-
minute delay. Participants receive points for correctly drawn aspects of the design. Total 
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raw scores are calculated by summing the number of points received. This test has been 
included in all of the versions of the WMS-IV due to evidence of high reliability and 
validity demonstrated by the normative sample (Wechsler, 2009). It was shown to be 
very sensitive to cognitive deterioration associated with dementia and has significant 
correlation
disease (Wang et al., 2009). This measure provides clinicians with a quantitative 
assessment of visual memory functioning and can also be examined qualitatively by 
experienced clinicians for clinical features. The Visual Reproduction score was used as 
one measure of visual memory in this study.
The Designs I and II subtests are measures of visual and visual-spatial memory. 
For 10 seconds, participants are shown a four by four grid with four, six, or eight designs. 
For Designs I, the stimulus is removed, then participants are immediately asked to select 
the designs from a set of cards and place them in the grid in the same place as they saw 
them previously. For Designs II, participants are asked to recreate the grid after a 20- to 
30-minute delay.  Designs are scored for correct content and location. The Spatial score is 
derived from the number of correct locations chosen by the participant, while the Content 
score is the number of correct designs chosen. Additionally, participants receive a bonus 
score for items with accurate content placed in correct locations. Total raw scores are 
calculated by summing the number of points received. The Content and Spatial scores 
were the focus of this study.
-II (CPT-II). The CPT-II is a 
computerized measure of sustained attention (Lezak 2004).  The CPT-II has been used to 
assess multiple neurologically impaired populations but is most used in establishing a 
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diagnosis of ADHD.  The test was normalized using a non-clinical sample including 
1,920 individuals from the general population, 378 cases with ADHD, and 223 
neurologically impaired adults (Multi-Health Systems, Inc, 1997). Reliability based on 
the standardization sample showed high coefficients foe the majority of the variables. 
Correlational and factor analytical studies demonstrated validity by comparing the CPT-II
with tests of attention and executive functioning (Strauss, Sherman & Spreen, 2006).
The administration of the measure takes approximately 15 minutes to complete, 
including a 3-minute practice trial.  The CPT-II standard paradigm consists of six blocks, 
with each block divided into three sub-blocks.  During the test, participants are presented 
with non-targeted stimuli, the letter X, and targeted stimuli, the other letters of the 
alphabet.  Participants are instructed to click the mouse button when they view the 
targeted stimuli and refrain from clicking the button when they see the targeted stimuli, 
the letter X.  The targeted and non-targeted stimuli are randomly shown for 250 
milliseconds, with the interstimulus interval (ISI) varying within each block.  The ISI 
varies between 1, 2, or 4 seconds during each of the sub-blocks (Connors, 1997).  
Performance statistics are provided in the computer-generated report.  This study will 
utilize the Omissions score, which is calculated by summing the number of target stimuli 
that the participant missed. This score provides a quantitative assessment of visual 
attention, as attention is required to rapidly respond to the stimuli.  While the CPT-II 
provides many scores that relate to attention processes, factor analyses of these scores in 
a large clinical sample suggests that Omissions was the largest contributor to a factor 
representing focused visual attention (Egeland & Kovalik-Gran, 2008). The CPT-II
Omissions score was included in this study as a measure of focused visual attention.
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Wisconsin Card Sorting Test (WCST). The WCST measures abstract reasoning 
and ability to shift cognitive strategies in response to environmental changes.  The test 
consists of 128 cards that are to be matched with one of four stimulus cards for color, 
number, and form and the participant must deduce the principle in which to match the
cards.  Four key cards appear across the top of the computer screen.  The participant uses 
the mouse to move a card from a stack at the bottom of the screen to the key card the 
participant thinks it matches.  The computer will provide feedback to the participant by 
is incorrectly placed.  The participant then takes the next card and tries to match the card 
to the correct key card.  After 10 consecutive correct responses are made, the underlying 
principle (color, number or form) changes.  Participants continue to sort the cards until 
they have completed each of the three categories twice or sorted all the cards. There is no 
time limit on this test.  Performance statistics are generated for the Total Number of 
Categories Completed, Total Number of Trials, the Number of Trials to Complete 
Category 1, Total Number Correct, Total Number of Errors, Total Number of 
Perseverative Responses, Total Number Perseverative Errors, Total Number of Non-
perseverative errors, Percent Conceptual Level Responses, Total Number of Failure to 
sixteen different scores, due to the internal structure of the test, many authors normally 
number of categories completed, number of perseverative errors, and number of non-
perseverative errors (Barceló & Knight, 2002; Bowden et al., 1998; Greve, 1993; Greve, 
Bianchini, Hartley, & Adams, 1999; Greve et al., 2005). The non-perseverative error 
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score has poor construct validity due to the way the score is calculated, as it includes both 
strategic and non-strategic errors (Barcelo, 2001). Results of a meta-analysis conducted 
by Nyhus and Barcelo (2009) suggest that the WSCT does not consistently distinguish 
patients with frontal lobe damage, but the Perseverative Errors score provides the best 
estimate of executive functioning abilities. This study utilized the Perseverative Errors 
score as a measure of executive functioning ability.
Trail Making Test. The Trail Making Test is a measure of attention, speed and 
mental flexibility (Lezak, 2004). This test requires the participant to first connect 25 
circled numbers randomly arranged on a page using a pen in correct order. For the second 
part of the test, Trails B, the participant is to connect 25 circled numbers and letters in 
alternating order. The scores for Trails A and Trails B are derived from the number of 
seconds taken to complete the task. While Trails A and B scores have been found to be 
moderately correlated, regression analyses performed with the different trials suggest the
Trails A was primarily affected by speed of visual search and perceptual speed, while 
Trails B was primarily affected by the ability to manipulate information in the working 
memory and secondarily by task switching (Sanchez-Cubillo, et al., 2009). Trails B has 
also been found to predict other measures of cognitive flexibility, as well as motor speed 
(Kortte, Horner & Windham, 2002). This study will utilize the scores for Trails A as a 
measure of visual search and perceptual speed, and Trails B as a measure of the executive 
function of cognitive flexibility.
Tactual Performance Test (TPT). The Tactual Performance test is a measure of 
tactile form recognition, incidental memory for shapes and spatial location (Strauss, 
Sherman, & Spreen, 2006). During administration of this test, the participant is 
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blindfolded and presented with 10 blocks of differing shapes and a board with holes 
matching these shapes. They are instructed to insert the blocks onto the board as quickly 
as possible, first with the dominant hand, then the non-dominant, then with both hands 
together. Time in seconds to complete each trial is recorded and the board is removed 
draw the shapes in the correct location from memory on a blank sheet of paper. A 
memory score is calculated by summing the number of shapes correctly recalled, and a 
location score is calculated by summing the number of blocks correctly located in the 
drawing. Internal reliability scores range from .61 to .90 in adults (Strauss, Sherman & 
Spreen, 2006).
Berger (1998) examined a heterogeneous clinical sample and reported 
moderate/high correlations (r = .48 to .63) between TPT Total Time, Memory, and 
Location scores and the Perceptual Organization factor of the WAIS-R, suggesting that 
nonverbal reasoning is important for task performance. Factor analytic findings point to 
considerable overlap in what the different scores represent, although there is some 
individual contribution as well. For example, Bornstein (1990) found that all three TPT 
scores (Time, Memory, and Location) loaded on the same factor, with only minor 
loadings from a large number of other tests. However, Campbell et al. (1990) found that 
in young adults, the Time scores loaded on a factor with other time-dependent scores
(e.g., Picture Completion, Block Design); the Memory score loaded on an attention factor 
together with Digit Span, Digit Symbol, Seashore Rhythm, and Trails A; and the TPT 
Location scores loaded on all three of the extracted factors. The authors concluded that 
the test is multifactorial in nature and requires attention, processing speed, memory and 
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spatial perception. While there are few recent studies utilizing this measure, the Heaton, 
Miller, Taylor and Grant (2004) revision to normative data includes correction for 
demographic data. This study utilized the Memory and Location scores to assess memory 
for tactile and spatial information. 
Procedure
De-identified data were used from an archival database maintained by the Nova 
Southeastern University Psychology Services Center Neuropsychology Assessment 
Center. According to information completed to comply with the Institutional Review 
Board (IRB), participants volunteered approximately 12 to 15 hours of their time, 
reviewed and signed an IRB approved consent form detailing the procedures, risks and 
benefits of participating in this study, and received a copy of a report describing their test 
results. Participants were required to be at least 16 years of age and speak English 
fluently so that they could be administered the neuropsychological battery. Participants 
with missing data were excluded from analysis. 
Institutional Review Board Requirements 
Approval was obtained to conduct archival research on this volunteer sample 
from the Institutional Review Board at Nova Southeastern University. In keeping with 
the requirements of the IRB, the data used were in a de-identified format and remained 
de-identified in order to maintain strict participant confidentiality.  
Statistical Analyses
Descriptive statistics were calculated for all key variables. The distribution of key
variables was examined for skewness, kurtosis and outliers. Skewness and kurtosis were 
reviewed for values greater than two or less than negative two, indicating abnormal 
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distribution (Mallery & George, 2003). Next, Pearson correlations were conducted to 
examine the linear association between the key neuropsychological variables and Designs 
Content I and II and Spatial I and II.
Note that prior to testing the hypotheses, the assumptions of multiple regression 
were evaluated. These included linearity, homoscedasticity, normality and 
multicollinearity. Linearity assumes a straight-line relationship between the predictor 
variables and the criterion variable, and homoscedasticity assumes that scores are 
normally distributed about the regression line. Linearity and homoscedasticity were 
assessed by examination of a scatter plot of the standardized residuals versus the 
predicted values. To assess for normal distribution of the error between observed and 
predicted values of the regression, the residual values were plotted on a histogram. 
multicollinearity was examined using Variance Inflation Factors (VIF) with a VIF value 
over 10 suggesting evidence of substantial multicollinearity (Fox, 2015). When the 
assumptions for multiple regression were satisfied, the aforementioned hypotheses were 
tested through multiple linear regression analysis. 
Hypothesis 1: It was hypothesized that visual attention (CPT-II Omissions and 
Trails A), visuospatial reasoning (WAIS-IV Matrix Reasoning) and visual memory 
(WMS-IV Visual Reproduction I) would significantly account for explained variance for 
Content I, above and beyond constructional ability (WAIS-IV Block Design), executive 
functioning (Trails B, WCST Perseverative errors) and delayed memory (WMS-IV 
Visual Reproduction II, TPT Memory, TPT Locations), when controlling for age, 
education and verbal intelligence (WAIS-IV Verbal Comprehension index).
Hierarchical multiple regression analysis was performed to test this hypothesis. In
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step one, age, education and Verbal Comprehension Index scores were entered.  In step 
two, tests of constructional ability (WAIS-IV Block Design), executive functioning 
(Trails B, WCST Perseverative errors), delayed visual memory and spatial memory
(WMS-IV Visual Reproduction II, TPT Memory, TPT Locations) were entered.  In step 
three, tests of visual attention (CPT-II Omissions and Trails A), visuospatial reasoning 
(WAIS-IV Matrix Reasoning) and visual memory (WMS-IV Visual Reproduction I) were 
added to see if they significantly increased the amount of explained variance. 
A squared multiple correlation coefficient (R2) was reported to indicate the 
variance explained by each set of independent variables. Significance was determined by 
.05.
Hypothesis 2: It was hypothesized that executive functioning (Trails B, WCST 
Perseverative errors) and delayed visual memory (WMS-IV Visual Reproduction II, TPT 
Memory) would significantly account for explained variance for Content II, above and 
beyond visual attention (CPT-II Omissions and Trails A), constructional ability, 
visuospatial perception and reasoning (WAIS-IV Matrix Reasoning; Block Design and 
Visual Puzzles), spatial memory (TPT Locations), and immediate visual memory (WMS-
IV Visual Reproduction I), when controlling for age, education and verbal intelligence 
(WAIS-IV Verbal Comprehension index).  
In order to test this hypothesis, a hierarchical multiple regression analysis was 
performed. In step one, age, education and Verbal Comprehension Index scores were 
entered.  In step two, tests of visual attention and discrimination (CPT-II Omissions and 
Trails A), visuospatial reasoning (WAIS-IV Matrix Reasoning; Block Design and Visual 
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Puzzles) immediate memory (WMS-IV Visual Reproduction I) and spatial memory (TPT 
Locations) were entered.  In step three, tests of executive functioning (Trails B, WCST 
Perseverative errors) and delayed memory (WMS-IV Visual Reproduction II, TPT 
Memory) were added to see if they significantly increased the amount of explained 
variance. 
A squared multiple correlation coefficient (R2) was reported to indicate the 
variance explained by each set of independent variables. Significance was determined by 
.05.
Hypothesis 3: It was also hypothesized that visuo-spatial perception and 
constructional praxis (WAIS-IV Block Design and Visual Puzzles) would significantly 
account for explained variance for Spatial I, above and beyond visual attention (CPT-II
Omissions and Trails A), visual reasoning (WAIS-IV Matrix Reasoning), executive 
functioning (Trails B, WCST Perseverative errors) and visual and spatial memory 
(WMS-IV Visual Reproduction I and II, TPT Memory, TPT Locations), when controlling 
for age, education and verbal intelligence (WAIS-IV Verbal Comprehension index).  
In order to test this hypothesis, a hierarchical multiple regression analysis was 
performed. In step one, age, education and Verbal Comprehension Index scores were 
entered.  In step two, tests of visual attention (CPT-II Omissions and Trails A), visual 
reasoning (WAIS-IV Matrix Reasoning), executive functioning (Trails B, WCST 
Perseverative errors) and visual and spatial memory (WMS-IV Visual Reproduction I and 
II, TPT Memory, TPT Locations) were entered.  In step three, tests of visuo-spatial 
perception and constructional praxis (WAIS-IV Block Design and Visual Puzzles) were 
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added to see if they significantly increased the amount of explained variance. 
A squared multiple correlation coefficient (R2) was reported to indicate the 
variance explained by each set of independent variables. Significance was determined by 
.05.
Hypothesis 4: Lastly, it was hypothesized that delayed visual memory and 
delayed spatial memory (WMS-IV Visual Reproduction II and TPT Locations) would
significantly account for explained variance for Spatial II, above and beyond visual 
attention (CPT-II Omissions and Trails A), visual reasoning (WAIS-IV Matrix 
Reasoning), executive functioning (Trails B, WCST Perseverative errors) and visual and 
spatial memory (WMS-IV Visual Reproduction I, TPT Memory), when controlling for 
age, education and verbal intelligence (WAIS-IV Verbal Comprehension index).
In order to test this hypothesis, a hierarchical multiple regression analysis was 
performed. In step one, age, education and Verbal Comprehension Index scores were 
entered.  In step two, tests of visual attention (CPT-II Omissions and Trails A), visual 
reasoning (WAIS-IV Matrix Reasoning), executive functioning (Trails B, WCST 
Perseverative errors) and visual and spatial memory (WMS-IV Visual Reproduction I, 
TPT Memory) were entered.  In step three, tests of delayed visual memory and delayed 
spatial memory (WMS-IV Visual Reproduction II and TPT Locations) were added to see 
if they significantly increased the amount of explained variance. 
A squared multiple correlation coefficient (R2) was reported to indicate the 
variance explained by each set of independent variables. Significance was determined by 
examining the associated multiple partial F tests. The level
55
.05.
The selected variables in the models were examined in detail, and disparities from 
hypothesized models were explored. The IBM Statistical Package for the Social Sciences 





Descriptive statistics of demographic and other key variables are displayed in 
Table 2.
Table 2
Descriptive Statistics for Adult Sample (n = 158)
Variable Range M SD Skewness Kurtosis
Age 16 - 64 32.87 13.03 .82 -.48
Education 8 - 19 13.64 2.05 .22 -.28
WAIS-IV VCI 58 -
147
99.43 15.87 -.06 .35
Trails A 13 - 66 32.48 11.40 .94 .53
Trails B 30 -
480
88.24 63.71 4.08* 20.03*
TPT Location 0 - 9 3.08 2.29 .52 -.63
TPT Memory 0 - 10 6.85 1.97 -.72 .73
WCST Pers. Err. 4 - 76 12.37 9.52 3.10* 14.29*
CPT Omissions % 20.79 
99.00
51.70 26.30 .70 -.90
WAIS-IV Block Design 3 - 62 35.86 13.38 -.01 -.53
WAIS-IV Matrix Reasoning 2-29 17.47 4.99 -.77 .32
WAIS-IV Visual Puzzles 4 - 25 13.32 4.79 .29 -.93
WMS-IV Vis. Rep. I 0 - 43 34.92 6.89 -1.15 1.61
WMS-IV Vis. Rep. II 0 - 43 28.23 9.69 -.71 .21
WMS-IV Designs
Content I 23 - 48 36.37 5.69 -.07 -.48
Content II 19 - 47 35.17 5.76 -.19 -.26
Spatial I 5 24 16.84 3.69 -.56 .17
Spatial II 4 - 22 12.98 3.43 .36 .14
Note: WAIS-IV = Wechsler Adult Intelligence Scale, Fourth Edition; VCI = Verbal 
Comprehension Index; TPT = Tactual Performance Test; WCST Pers. Err. = Wisconsin Card 
Sorting Test Perseverative Errors; CPT = Connors Continuous Performance Test; WMS-IV = 
Wechsler Memory Scale, Fourth Edition; Vis. Rep. = Visual Reproduction. *Skewness or 
kurtosis value exceeds 2.00
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In this sample, the distributions of the raw scores for Trails A, Trails B, and 
WCST Perseverative Errors raw scores were leptokurtotic. Additionally, Trails A, Trails 
B and WCST Perseverative Errors scores were positively skewed in distribution. Fox 
(2015) notes that regression predictors do not need to be normally distributed to meet 
assumptions of regression; rather, only the residuals of the regression model need to be 
normally distributed. Therefore, these variables were retained for further analysis.   
Next, statistical assumptions relevant to multiple regression were assessed. 
Homoscedasticity and linearity were assessed by plotting predicted values against 
standardized residuals. Scatterplots for each model illustrated a random and evenly 
dispersed array of points, indicating that the variance of the residuals was constant across 
levels of the predictors and that the relationship between the predictor set and the 
criterion was linear for each of the models. Histograms of the regression residuals were 
analyzed to assess for normality of errors, and appeared approximately normally 
distributed. In addition, skewness and kurtosis values were all close to zero, consistent 
with a normal distribution (between -1 and 1). 
The variable inflation factor (VIF) was examined using a cut-off score of 10 to 
screen for multicollinearity amongst independent variables (Fox, 2015). None of the 
models' predictor variables reached this level, indicating that correlations between 
predictor values were within acceptable limits. Additionally, correlations between 
variables were examined (Tables 3 and 4), and none of the predictor variables correlation
values were above .80, also providing evidence for lack of multicollinearity (Tabachnick 
& Fidell, 2007).
Taken together, these statistics provide evidence that the assumptions of multiple
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regression (i.e. multicollinearity, homoscedasticity, normal distributed residuals, and 
linearity) were acceptable across each of the study models.
Correlations. Correlation analyses (Tables 3 and 4) with Content I revealed no 
significant correlation with age or education. Content I moderately correlated with VCI. 
Additionally, Content I had a correlation with a large effect size with Matrix Reasoning, 
and moderate correlations with Block Design, Visual Puzzles, TPT Locations and Visual 
Reproduction I.  Content II also did not correlate significantly with age or education
level. 
Content II moderately correlated with VCI. Results show that Content II had large 
correlations with Matrix Reasoning and Visual Reproduction II, and moderate 
correlations with Visual Reproduction I, Visual Puzzles, TPT Locations and TPT 
Memory. Spatial I had a small, yet significant negative correlation with age, and did not 
correlate significantly with education level. Spatial I correlated highly with Visual 
Reproduction II and moderately with Visual Reproduction I and Block Design. Matrix 
Reasoning and Visual Puzzles also had moderate correlations with Spatial I.
Spatial II had a moderate negative correlation with age and did not have a 
significant relationship with education. The correlation with VCI was significant, though 
the magnitude was small. Spatial II had moderate correlations with TPT Locations and 
Visual Reproduction I. The next highest correlations were with Visual Puzzles and TPT 
Memory, though these were also small in magnitude. 
These simple correlations demonstrate the relationships between the dependent 
variables and each of the predictor variables to be used in further analysis. Given that the 
assumptions for regression analyses were met, the hypothesized models were further 
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explored through hierarchical multiple regression. 
Table 3.

















Age -0.09 -.21* -.19 -.35* -.03 .10 -.22 -.16
Edu. .16 .05 .08 .05 -.16 -.25* .26* .27*
VCI .46* .34* .44* .25* -.42* -.46* .40* .51*
Cont. I .43* .79* .39* -.41* -.40* .48* .41*
Spa. I .47* .47* -.23* -.26* .35* .33*
Cont. II .41* -.42* -.40* .49* .43*
Spa. II -.16 -.18 .37* .28*
TMT A .61* -.31* -.40*




Note: * p 0.01; Edu. = Education; VCI = Verbal Comprehension Index; Cont. I = 
Designs Content I; Cont. II = Designs Content II; Spa. I = Designs Spatial I; Spa. II = 
Designs Spatial II; TMT A = Trail Making Test A; TMT B = Trail Making Test B; 




Pearson Correlation Matrix of Predictor Variables, continued
Persev. Omis. BD MR VP VR I VR II
Age .11 .06 -.03 -.13 .02 -.17 -.24*
Edu. -.25* -.01 .24* .23* .30* .24* .16
VCI -.43* -.29* .64* .58* .57* .56* .46*
Cont. I -.35* -.23* .49* .52* .46* .48* .43*
Spa. I -.27* -.24* .44* .40* .40* .44* .55*
Cont. II -.34* -.30* .40* .57* .45* .49* .52*
Spa. II -.19* -.16 .27* .26* .30* .36* .44*
TMT A .42* .33* -.45* -.48* -.42* -.49* -.40*
TMT B .60* .30* -.47* -.51* -.38* -.60* -.48*
TPT Loc. -.27* -.24* .35* .44* .48* .45* .48*
TPT 
Mem.
-.33* -.26* .57* .54* .58* .53* .53*
Persev. .30* -.38* -.52* -.32* -.50* -.41*
Omis. -.24* -.23* -.21* -.31* -.36*
BD .62* .76* .70* .57*
MR .55* .70* .57*
VP .57* .47*
VR I .75*
Note: * p 0.01; Edu. = Education; VCI = Verbal Comprehension Index; Cont. I = 
Designs Content I; Cont. II = Designs Content II; Spa. I = Designs Spatial I; Spa. II = 
Designs Spatial II; TMT A = Trail Making Test A; TMT B = Trail Making Test B; 
TPT Loc = Tactual Performance Test Locations; TPT Mem. = Tactual Performance 
Test Memory; Persev. = WCST Perseverative Errors; Omis. = CPT-II Omissions 
Percentage; BD = Block Design; MR = Matrix Reasoning; VP = Visual Puzzles; VR I 
= Visual Reproduction I; VR II = Visual Reproduction II.
Results of Analyses
Hypothesis 1. The first hypothesis stated that visual attention (CPT-II Omissions 
and Trails A), visuospatial reasoning (WAIS-IV Matrix Reasoning), and free recall visual 
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memory (WMS-IV Visual Reproduction I) would significantly account for variance in 
design recognition memory (Content I), above and beyond constructional ability (WAIS-
IV Block Design, Visual Puzzles), executive functioning (Trails B, WCST Perseverative 
errors) and delayed visual memory (WMS-IV Visual Reproduction II, TPT Memory, 
TPT Locations), as well as age, education and verbal intelligence (WAIS-IV Verbal 
Comprehension index).Table 5 illustrates the results of the hierarchical multiple 
regression analyses examining how the three sets of predictors account for the variance in 
Content I. Taken together, all of the independent variables accounted for 41.2% of the 
variance in Content I scores.
The results of step one revealed that 24% (R2 = .235) of the variance in Content I
scores was accounted for by the first three predictors (age, education, and VCI), reaching 
a level of statistical significance (F(3, 154) = 11.47, p < .001). Next, the second set of 
predictors (Block Design, Visual Puzzles, Trails B, WCST Perseverative Errors, Visual 
Reproduction II, TPT Memory and TPT Locations) was entered into the regression 
model. The change in variance accounted for was equal to 16% ( R2 = .158), which was 
a statistically significant increase in variance accounted for over the set of predictors 
entered in step one ( F(7,147) = 3.91, p < .001).
In step three, the remaining variables were entered into the regression model
(CPT-II Omissions, Trails A, Matrix Reasoning, and Visual Reproduction I). The change 
in variance accounted for was equal to 2% ( R2 = .019), which was not a statistically 
significant increase in variance accounted above the variability contributed by the 
previous predictor variables entered in step two ( F(4, 143) = 0.83, p = .511).
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Table 5
Hierarchical Regression Analyses for Content I
Measures b SE b t sr2 R2 R2 F
Step 1 .24 .24 11.47**
Age -.06 .04 -.14 -1.72 .020
Education -.14 .26 -.05 -.52 .002
VCI .18 .03 .50 5.36** .196
Step 2 .39 .16 3.91*
Age .00 .04 .00 .02 .000
Education -.25 .25 -.09 -1.01 .006
VCI .05 .15 .15 1.27 .010
Block Design .09 .06 .21 1.51 .013
Visual Puzzles .05 .15 .04 .31 .001
Trails B -.01 .01 -.13 -1.27 .010
WCST Perseverative -.04 .06 -.06 -.61 .002
Visual Reproduction II .02 .06 .03 .31 .001
TPT Memory -.22 .33 -.08 -.68 .003
TPT Location .84 .27 .34 3.16* .058
Step 3 .41 .02 .83
Age .00 .04 .00 .00 .000
Education -.21 .25 -.08 -.85 .004
VCI .04 .04 .12 .99 .006
Block Design .08 .06 .20 1.33 .010
Visual Puzzles .02 .15 .02 .13 .000
Trails B -.01 .01 -.09 -.78 .003
WCST Perseverative -.02 .06 -.04 -.35 .001
Visual Reproduction II .02 .07 .03 .21 .000
TPT Memory -.27 .33 -.09 -.80 .004
TPT Location .79 .27 .32 2.92* .050
CPT-II Omissions .00 .02 .00 .04 .000
Trails A -.04 .05 -.08 -.79 .004
Matrix Reasoning .21 .14 .19 -.19 .014
Visual Reproduction I -.07 .14 -.08 -.51 .002
Note: **p < .001; *p < .05; VCI = Verbal Comprehension Index; TPT Loc = Tactual 
Performance Test
= .002). Squared semi-partial correlations were 
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unique contribution to the variance in Content I scores. TPT Locations accounted for 
5.0% ( of the unique variance in the final model. No other independent 
variables significantly contributed a unique proportion of variance. 
Moreover, as stated in hypothesis one, it was expected that visual attention, 
visuospatial reasoning and free recall visual memory taken as a set would account for 
variance in Content I scores above and beyond constructional ability, executive 
functioning, and delayed memory. This was not found, as none of the predicted variables 
contributed a significant amount of variance to Content I. 
Hypothesis 2. Hypothesis two stated that executive functioning (Trails B, WCST 
Perseverative errors) and delayed free recall visual memory (WMS-IV Visual 
Reproduction II, TPT Memory) would significantly account for variance in delayed 
design recognition memory (Content II) above and beyond tests of visual attention (CPT-
II Omissions and Trails A), constructional ability, visuospatial perception and reasoning 
(WAIS-IV Matrix Reasoning; Block Design and Visual Puzzles), spatial memory (TPT 
Locations), and free recall visual memory (WMS-IV Visual Reproduction I), as well as 
age, education and verbal intelligence (WAIS-IV Verbal Comprehension index). Table 6 
illustrates the results of the hierarchical multiple regression analyses examining the 
ability of the three sets of predictors to account for the variance in Content II. Taken 
together, all of the independent variables accounted for 49.6% of the total variance in 
Content II scores.
The results of step one indicated that 25% (R2 = .267) of the variance in Content II 
scores was accounted for by the first three predictors (age, education, and VCI), reaching 
a level of statistical significance (F(3, 154) = 13.61, p < .001). Next, the second set of 
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predictors (CPT-II Omissions and Trails A, WAIS-IV Matrix Reasoning; Block Design 
and Visual Puzzles, TPT Locations, and WMS-IV Visual Reproduction I) were entered 
into the regression model. The change in variance accounted for was equal to 22% ( R2 =
.217), which was a significant increase in variance accounted for over the set of 
predictors entered in step one ( F(7,145) = 6.29, p < .001). In step three, the remaining 
hypothesized predictor variables were entered into the regression model (Trails B, WCST 
Perseverative errors, WMS-IV Visual Reproduction II and TPT Memory).
The change in variance accounted for was equal to 1.3% ( R2 = .013), which was 
not a statistically significant increase in variance accounted above the variability 
contributed by the previous predictor variables entered in step two ( F(4, 143) = 0.63, p =
.641). The only significant predictors of Content II scores were
p=.048) and -.182, p = .050).
Squared semi-partial correlations were examined to determine the variables unique 
contribution to the variance in Content II scores.  TPT Locations accounted for 2%
( of the unique variance in the final model, Matrix Reasoning accounted for
3.5% ( of the unique variance, and Trails A accounted for 2% (
of the unique variance in the final model. No other independent variables significantly 
contributed a unique proportion of variance. 
As stated in hypothesis two, it was expected that executive functioning and 
delayed free recall visual memory taken as a set would account for variance in Content II 
scores above and beyond, visual attention, constructional ability, visuospatial perception 
and reasoning, spatial memory, and free recall visual memory. This was not found, and 
none of the predicted set of variables contributed a significant amount of variance to 
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Content II in this model. 
Table 6
Hierarchical Regression Analyses for Content II
Measures b SE b t sr2 R2 R2 F
Step 1 .27 .27 13.61**
Age -.10 .04 -.24 -2.88* .054
Education -.38 .26 -.14 -1.48 .014
VCI .19 .03 .53 5.81** .221
Step 2 .48 .22 6.29**
Age -.05 .03 -.11 -1.39 .010
Education -.45 .23 -.16 -1.94 .019
VCI .07 .04 .20 1.82 .016
Trails A -.10 .04 -.20 -2.40* .028
CPT-II Omissions -.02 .02 -.07 -.90 .004
Block Design -.07 .06 -.16 -1.24 .008
Visual Puzzles .19 .14 .16 1.34 .009
Matrix Reasoning .34 .12 .30 2.77* .038
TPT Locations .51 .22 .20 2.26* .025
Visual Reproduction I -.02 .11 -.00 -.02 .000
Step 3 .50 .01 .63
Age -.04 .04 -.09 -1.17 .007
Education -.43 .24 -.15 -1.84 .017
VCI .07 .04 .20 1.76 .015
Trails A -.09 .05 -.18 -1.98* .020
Omissions -.01 .02 -.05 -.63 .002
Block Design -.07 .06 -.17 -1.23 .008
Visual Puzzles .21 .14 .17 1.45 .010
Matrix Reasoning .34 .13 .30 2.67* .035
TPT Locations .51 .25 .20 2.01* .020
Visual Reproduction I -.10 .13 -.11 -.77 .003
WCST Perseverative .00 .06 .01 .05 .000
Trails B -.01 .01 -.03 -.28 .000
Visual Reproduction II .10 .07 .18 1.52 .011
TPT Memory -.17 .31 -.06 .56 .002
Note: **p < .001; *p < .05; VCI = Verbal Comprehension Index; TPT Loc = Tactual 
Performance Test
Hypothesis 3. Hypothesis three stated that visuo-spatial perception and 
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constructional praxis (WAIS-IV Block Design and Visual Puzzles) would significantly 
account for variance in spatial memory (Spatial I), above and beyond visual attention 
(CPT-II Omissions and Trails A), visual reasoning (WAIS-IV Matrix Reasoning), 
executive functioning (Trails B, WCST Perseverative errors) free recall visual memory 
(WMS-IV Visual Reproduction I and II), and delayed spatial memory (TPT Memory, 
TPT Locations), as well as age, education and verbal intelligence (WAIS-IV Verbal 
Comprehension index). Table 7 illustrates the results of the hierarchical multiple 
regression analyses examining how the three sets of predictors account for the variance in 
Spatial I. Taken together, all of the independent variables accounted for 36.3 % of the 
variance in Spatial I scores.
The results of step one indicated that 19% (R2 = .190) of the variance in Spatial I 
scores was accounted for by the first three predictors (age, education, and VCI), reaching 
a level of statistical significance (F(3, 154) = 8.75, p < .001). Next, the second set of 
predictors (CPT-II Omissions and Trails A, Trails B, WCST Perseverative errors, WAIS-
IV Matrix Reasoning, WMS-IV Visual Reproduction I and II, TPT Memory, TPT 
Locations) were entered into the regression model. The change in variance accounted for 
equaled 15% ( R2 = .149), which was a significant increase in variance accounted for 
over the set of predictors entered in step one ( F(9,145) = 2.58, p = .010).
In step three, the remaining hypothesized predictor variables were entered into the 
regression model (WAIS-IV Block Design and Visual Puzzles). Next, the individual 
predictor variables were examined in the final model. TPT Locations accounted for 2.0% 
( of the unique variance in the final model, Matrix Reasoning accounted for 
3.5% ( of the variance, and Trails A accounted for 2.0% ( . No 
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other independent variables significantly contributed a unique proportion of variance. 
Table 7
Hierarchical Regression Analyses for Spatial I
Measures b SE b t sr2 R2 R2 F
Step 1 .19 .19 8.75**
Age -.07 .02 -.25 -2.89* .061
Education -.20 .17 -.11 -1.13 .009
VCI .10 .02 .42 4.38** .138
Step 2 .34 .15 2.58**
Age -.03 .03 -.10 -1.12 .008
Education -.17 .17 -.09 -0.99 .006
VCI .04 .03 .17 1.38 .012
Trails A -.01 .03 -.02 -.14* .000
CPT-II Omissions -.00 .01 -.02 -.21 .000
Matrix Reasoning .06 .09 .08 .64 .003
Trails B .00 .01 .07 .56 .002
WCST Perseverative -.01 .04 -.03 -.24 .000
Visual Reproduction I -.01 .09 -.02 -.15 .000
Visual Reproduction II .16 .05 .42 3.24 .068
TPT Locations .14 .18 .09 .78 .004
TPT Memory -.09 .22 -.05 -.40 .001
Step 3 .36 .02 1.87
Age -.03 .03 -.12 -1.30 .010
Education -.16 .17 -.09 -.93 .005
VCI .02 .03 .10 .75 .004
Trails A -.00 .03 .00 .04 .000
CPT-II Omissions -.00 .01 -.03 -.32 .001
Matrix Reasoning .04 .09 .05 .42 .001
Trails B .00 .01 .06 .52 .002
WCST Perseverative -.01 .04 -.04 -.35 .001
Visual Reproduction I -.06 .09 -.11 -.69 .003
Visual Reproduction II .61 .05 .42 3.24* .067
TPT Locations .15 .18 .09 .81 .004
TPT Memory -.21 .23 -.11 -.95 .006
Block Design .04 .04 .15 .97 .006
Visual Puzzles .09 .10 .12 .91 .005
Note: **p < .001; *p < .05; VCI = Verbal Comprehension Index; TPT Loc = Tactual 
Performance Test.
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The change in variance accounted for equaled 2.4% ( R2 = .024), which was not a 
statistically significant increase in variance above that contributed by the previous 
predictor variables entered in step two ( F(2, 143) = 1.87, p = .159). The only significant 
semi-partial correlations were examined to determine 
to the variance in Spatial I scores. Visual Reproduction II accounted for 6.7% (
of the unique variance in the final model. No other independent variables 
significantly contributed a unique proportion of variance. 
As stated in hypothesis three, it was expected that visuo-spatial perception and 
constructional praxis taken as a set would account for variance in Spatial I scores, above 
and beyond visual attention, visual reasoning, executive functioning, and free recall 
visual memory and delayed spatial memory, when controlling for age, education and 
verbal intelligence. This was not supported, as none of the predicted set of variables 
contributed a significant amount of variance to Spatial I. 
Hypothesis 4. Hypothesis four stated that delayed free recall visual memory and 
delayed incidental spatial memory (WMS-IV Visual Reproduction II and TPT Locations) 
would significantly account for variance in delayed spatial memory (Spatial II), above 
and beyond visual attention (CPT-II Omissions and Trails A), visual reasoning (WAIS-
IV Matrix Reasoning, Block Design and Visual Puzzles), executive functioning (Trails B, 
WCST Perseverative errors), free recall visual memory (WMS-IV Visual Reproduction 
I), and visual content memory (TPT Memory), as well as age, education and verbal 
intelligence (WAIS-IV Verbal Comprehension index). Table 8 illustrates the results of 
the hierarchical multiple regression analyses examining how the three sets of predictors 
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account for the variance in Spatial II scores.
Taken together, all of the independent variables accounted for 31.3% of the 
variance in Spatial II scores. The results of step one indicated that 21% (R2 = .211) of the 
variance was accounted for by the first three predictors (age, education, and VCI), 
reaching a level of statistical significance (F(3, 154) = 9.963, p < .001).
Next, the second set of predictors (CPT-II Omissions, Trails A, Trails B, WCST 
Perseverative errors, WAIS-IV Block Design, Visual Puzzles, Matrix Reasoning, WMS-
IV Visual Reproduction I, and TPT Memory) were entered into the regression model.
The change in variance accounted for equaled 5.4% ( R2 = .054), which was not a
statistically significant increase in variance above that contributed by the previous 
predictor variables entered in step one ( F(9,145) = .848, p = .574).
In step three, the remaining hypothesized predictor variables were entered into 
the regression equation (Visual Reproduction II and TPT Locations). The change in 
variance accounted for was equal to 4.8% ( R2 = .048), which was a statistically 
significant increase in variance above that contributed by the previous predictor variables 
entered in step two ( F(2, 143) = 3.532, p = .033).
The only significant predictor of Spatial II scores was Vis
.273, p = .041). Squared semi-partial correlations were examined to determine the 
accounted for 2.9% ( of the unique variance in the final model. No other 




Hierarchical Regression Analyses for Spatial II
Measures b SE b t sr2 R2 R2 F
Step 1 .21 .21 9.96**
Age -.10 .02 -.39 -4.52** .144
Education -.07 .16 -.04 -.43 .001
VCI .07 .02 .32 3.33* .078
Step 2 .27 .05 .85
Age -.09 .02 -.34 -3.69** .097
Education -.09 .17 -.05 -0.52 .002
VCI .04 .03 .20 1.46 .015
Trails A .01 .03 .04 .33 .001
CPT-II Omissions -.00 .01 -.03 -.36 .001
Matrix Reasoning -.08 .09 -.12 -.84 .005
Block Design -.03 .04 -.11 -.72 .004
Visual Puzzles .16 .10 .10 1.56 .017
Trails B .00 .01 .07 .51 .002
WCST Perseverative -.01 .04 -.01 -.12 .000
TPT Memory .04 .20 .02 .19 .000
Visual Reproduction I .15 .08 .27 1.81 .023
Step 3 .31 .05 3.53*
Age -.08 .03 -.29 -3.07* .064
Education -.10 .16 -.06 -.63 .003
VCI .04 .03 .17 1.32 .012
Trails A .02 .03 .07 .68 .003
CPT-II Omissions .00 .01 .01 .09 .000
Matrix Reasoning -.09 .09 -.13 -.96 .006
Block Design -.02 .04 -.07 -.42 .001
Visual Puzzles .13 .10 .18 1.28 .011
Trails B .00 .01 .04 .28 .001
WCST Perseverative -.01 .04 -.01 -.13 .000
TPT Memory -.16 .22 -.09 -.72 .004
Visual Reproduction I .04 .09 .08 .49 .002
Visual Reproduction II .10 .05 .28 2.07* .029
TPT Locations .24 .18 .16 1.38 .013
Note: **p < .001; *p < .05; VCI = Verbal Comprehension Index; TPT Loc = Tactual 
Performance Test.
As stated in hypothesis four, it was expected that delayed free recall visual 
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memory and delayed spatial memory taken as a set would account for variance in Spatial 
II scores, above and beyond visual attention, visual reasoning, executive functioning, free 
recall visual memory and visual content memory when controlling for age, education and 
verbal intelligence. This hypothesis was supported by the analysis.  
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Chapter V: Discussion
This study sought to explore the four WMS-IV Designs Memory subscale scores 
in depth as they relate to specific cognitive abilities, including visual attention, visual-
spatial skills, executive functioning, and various aspects of visual memory. Four separate
analyses were conducted for each Designs score (Content I, Content II, Spatial I and 
Spatial II) to examine abilities influencing both immediate and delayed performance on 
this task. Hypothesized models were created based on literature related to neurological 
models of memory and various clinical populations. The purpose of the study was to gain 
an understanding of the scores and their utility in measurement of both visual content and 
spatial memory function. 
Content Memory Subscales. The first hypothesis posited that visual attention, 
visuospatial reasoning, and free recall visual memory would significantly account for 
significantly higher explained variance in Content I, above and beyond constructional 
ability, executive functioning and delayed memory, when controlling for age, education 
and verbal intelligence. This hypothesis was not supported. While the first set of 
predictors was significant in the model, the tests of visual attention, visuospatial 
reasoning, and visual memory did not account for higher variance in Content I. 
The second hypothesis stated that executive functioning and delayed free recall 
visual memory would significantly account for variance in delayed design recognition 
memory above and beyond tests of visual attention, constructional ability, visuospatial 
perception and reasoning, spatial memory, and free recall visual memory, as well as age, 
education and verbal intelligence. This hypothesis was not also supported, and the 
neuropsychological predictors did not account for higher variance in Content II. 
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Given that the Designs test was created to provide another measure of visual 
memory on the widely-used WMS-IV, these findings may influence the way users choose 
to interpret the scores. When using this subtest, users expect that the score will provide an 
provide a measure of immediate visual-content memory, or ability to recal
designs were shown.  Similarly, the delayed score is intended to provide a measure of 
-term memory stores, representing an 
important aspect of functioning in daily living, delayed visual content memory. The 
failure of the hypothesized models suggests that this test may not measure visual content 
memory as it is intended to.
The hypothesized relationship of the immediate visual content score to other 
neuropsychological variables was constructed based on neurobiological theory of 
learning and memory of visual information. In line with the Atkinson and Shiffrin (1968) 
and Baddeley and Hitch (1974) models of memory, performance should have related to 
ability to take in and process visual sensory information, attend to this information while 
filtering unrelated visual information, mentally hold and rehearse the information within 
-spatial sketchpad and then be able to recall that information 
immediately after it is out of view. This was not found and, in fact none of the individual 
domains were found to significantly contribute to performance for immediate or delayed 
trials.
Visual attention was hypothesized to add to the model of predictors for immediate 
recall due to the short presentation of the stimuli and the amount of focused visually-
based attention required for this task. Visual attention did not significantly add to the 
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model, and this may be due to several factors. Attention is a quite complex cognitive 
function, with many facets contributing to performance. Attention during this test is 
divided between attending to what the design looks like, as well as where it is located. It 
is possible that greater resources are spent allotting limited attentional resources on 
spatial aspects of the task. Also, only ten seconds of focused attention is required for this 
task, and the attentional measure utilized for comparison may be tapping into aspects 
aside from brief focused attention, such as sustained attention, which is related but also 
varies greatly across individuals and situations. It is possible that other aspects of 
cognitive functioning confounded results, such as speed of processing. Those with slower 
speed of processing information likely performed worse on the memory measure, which
is more complex than a simple task of attention. 
One surprising finding was that visual attention predictors did not add a 
significant amount of variance within the model. It may be that effortful focused attention 
becomes more utilized as the test progresses and the responder increases their attentional
resources to the task as items become progressively harder. If this were the case, it would 
have been more difficult to see hypothesized relationships without further analysis of 
individual items. It is possible that item analyses may have provided insight into how 
different cognitive functions interplay as the items become increasingly complex over the 
test. Another reason may be that attention resources were allocated to other aspects of the 
test, such as focusing on where the stimuli were, rather than on the details of the stimuli. 
As previously noted, attention resources are limited and humans tend to consciously and 
selectively allocate them, thus influencing the score patterns. 
Visuospatial reasoning skills were also hypothesized to significantly relate to 
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performance on immediate content memory, given that greater reasoning skills should 
failure to find this suggests that these skills are not associated with the performance on 
the ability to remember the novel designs presented. Given that visuospatial reasoning is 
a higher-order cognitive function, these more advanced skills should translate to the basic 
functions. The novel designs presented are nuanced, and utilizing mental manipulation or 
problem solving may enhance accurate performance. Given that visual-spatial reasoning 
measures are susceptible to verbal mediation, and that verbal ability was controlled for in
the analyses, it is possible that the immediate visual memory task is similarly confounded 
by verbal abilities. This may warrant further study to delineate, as the creators of this test 
aimed to reduce the contribution of verbalization to performance due to this problem on
previous versions in different clinical populations and settings.
One of the more surprising findings was the failure of the immediate free recall 
measure of visual memory to significantly predict immediate content memory. The 
selected measures are included on a visual memory index together, and should 
hypothetically require similar cognitive abilities. Given what is known about 
neurobiological systems of visual working memory, tests measuring immediate visual 
memory recall should share variance, even when the response modality differs. This was 
not the case after all of the variables were controlled for in the analyses. The Visual 
Reproductions test is a well-validated measure in the literature and in different relevant 
clinical populations, therefore it may provide a better measure of the latent variable of
visual memory. 
This is further exemplified by the response modality of recognition versus free-
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recall. Using a free-recall paradigm requires higher effortful output when completing the
task as instructed. The recognition format allows responders to rely more on outside 
variables such as chance. Additionally, the Designs subtest requires the responder to 
remember two different aspects of the stimuli, the content and spatial location, which 
may lead them to further rely on chance when trying to learn and when selecting their 
responses. Again, the amount of effort that one puts in to each item may depend on how 
complex that individual item is, and the participant may become overwhelmed towards 
the end and rely on chance to a greater degree. They may choose to actually focus on one 
part of the task, such as just remembering where the design was and guessing on what it 
looked like, or vice versa. 
Interestingly, the strongest predictor in the final model for the immediate content 
memory test was TPT Locations, which assesses incidental memory for spatial location. 
This suggests that Content I may not be specific in the measurement of visual content 
recall, as it is intended. Immediate memory f
epresents distinct aspects of processing; however, there is
some overlap in their short-term storage. Given that the TPT Locations measure is 
incidental, or the responder is not explicitly told at the onset of the task that they will 
have to recall the location of the stimuli from memory, one might rely on other aspects,
such as form content when providing their response. The magnitude of this relationship 
was surprising, given the many other visual memory measures included for comparison. 
The hypothesized relationship of the delayed Content II score to other 
neuropsychological variables was similarly constructed based on neurobiological theory 
of memory storage and retrieval for visual information. According to theory, the ability to 
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successfully retrieve visual information from longer term storage should be bolstered by 
well-developed executive skills, such as flexibility, organization and problem solving. 
Additionally, a strong relationship should exist with other measures of delayed visual 
content memory that have appropriate psychometric properties, assuming they measure 
similar constructs. The failure to find these types of relationships after considering other 
neuropsychological variables suggest that the test may not clearly 
visual content memory retention abilities. Examination of the factors that were and were 
not significant can help to gain an understanding of this score and what it may represent.  
Executive functioning was hypothesized to have a significant impact on delayed 
content memory, given previous literature on memory models. In the Baddeley and Hitch 
(1974) model previously described, the central executive is necessary for organizing and 
coordinating efficient execution of a task, including selection of a strategy, organizing, 
and filtering out irrelevant information.  The finding that these abilities do not play a 
significant role in delayed visual content memory performance was in contrast to 
literature on this topic. Specifically, the areas of cognitive set-shifting, mental flexibility, 
and problem solving did not add to visual content memory retrieval performance. This 
was unexpected as the test was designed to be novel and challenging. The responders are 
unfamiliar with the task at the onset, and greater executive functioning skills should 
enhance ability to recall the stimuli. The ability to organize the information in a 
meaningful way, and shift focus between items should theoretically enhance the ability to 
recall it at a later time. 
Given these findings, participants may not be approaching the task as intended, 
which has implications in the construction of the test as well as the interpretation of the 
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score. This suggests it may not allow for accurate measurement of the intended construct 
of visual content memory retrieval. For example, responders may be relying on guessing 
when selecting an answer, rather than effortfully utilizing cognitive resources to select 
their response. Given that executive functioning, as measured by the selected tests, is an 
effortful process and requires significant cognitive resources, this may provide further 
evidence of such a response style. Inconsistency in responses that show up in the raw 
content and spatial scores are likely less evident when the scores are added together and 
corrected for age. This further adds to the questions about the utility of the score for 
interpretation.  
Additionally, the failure of the other visual memory measures to relate to the 
Content II score was in contrast with previous literature and test publi
these measures were strongly related. Our study showed that when other variables are 
included in the models, this finding does not hold. After controlling for other abilities, 
neither of the delayed visual memory measures added significant variance to Content II. 
This suggests that this measure of visual memory may not be appropriate to include with 
the other, more established measure on the WMS-IV. Again, findings may be explained 
by the recognition versus recall response requirements, making interpretation even more 
complicated. When discussing delayed memory for visual information, requiring 
someone to draw the information without cues takes a greater amount of effort, as 
opposed to simply selecting a card from an array of other cards. The different testing 
modalities continue to be a problem given the differing abilities needed for each type. 
Interestingly, findings suggest that processing speed, visual-spatial reasoning, and 
incidental spatial memory contribute to performance on Content II, above and beyond 
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other abilities included. The relationship with processing speed and visual-spatial 
reasoning is meaningful, as greater ability to process the environment quickly and create 
patterns should enhance later recall of the information. Similar to the findings from the 
Content I subscale, the relationship with incidental spatial memory is surprising as it 
represents a different facet of visual memory. This suggests that Content II may not tap 
into the specific in the measurement of visual content recall, as it is intended. This may 
be caused by respondents allotting a greater degree of cognitive resources into 
remembering where the item is rather than the specific details presented. 
Altogether, these findings could influence the way clinicians interpret scores and 
use them with various clinical populations. While a measure of visual memory that 
allows for delineation between content and spatial memory has the potential to be 
efficient and to save time, results from this study suggest that test creators may have not 
fully achieved this goal.  Accurate measurement of content versus spatial memory can 
help to alleviate some of the challenges encountered in research, such as establishing 
ecological validity between tests and everyday functioning. Combining the content and 
spatial aspects may compromise one ability over the other and standalone tests for 
content memory may help with correlating subjective memory complaints with testing 
data. Given the results of this study, using the Content subscales alone may not provide 
g and true abilities. 
From a clinical standpoint, the assessment of visual memory has significant 
functional implications. If one is determined to have impairments in visual memory on 
testing due to a false positive error, it may be recommended that they stop driving or give 
up a certain occupational responsibility. These types of decisions significantly impact 
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quality of life and should not be made lightly or on the basis of inaccurate tests. 
Similarly, a false negative, or failure to detect true impairment can harm the person being 
evaluated. For example, if a subtle change in functioning is missed, treatment to slow 
progression of a disease may be delayed, resulting in poorer outcomes.  Nonetheless, the 
use of the individual content memory subscales may not be appropriate for standalone 
use, and clinicians should favor the more comprehensive scores for interpretation and 
decision making. 
Overall, analyses of these immediate and delayed visual content memory 
measures suggest that they do not closely align with neurobiological theories of visual 
memory, including systematic processing of visual information and storage into memory. 
Aside from the variables used, outside factors such as guessing, may have influenced 
response patterns. Additionally, examination of the factors that most highly influenced 
the scores suggested that they may not be clearly measuring the constructs intended. This 
has a significant impact on the way clinicians and researchers utilize these scores, as 
using them independently may lead to errors of interpretation. Although the test 
developers sought to create an efficient test free from confounding factors, these 
particular scores should be used with caution and should be analyzed within the context 
of a full comprehensive neuropsychological battery. 
Spatial Memory Subscales. The third hypothesis posited that visuo-spatial 
perception and constructional praxis would significantly account for significantly higher 
explained variance in Spatial I above and beyond visual attention, visual reasoning, 
executive functioning, and immediate and delayed visual and spatial memory when 
controlling for age, education and verbal intelligence. This hypothesis was not supported. 
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While the first set of predictors was significant in the model, the tests of visuo-spatial 
perception and constructional praxis did not account for higher variance in Spatial I. 
The fourth hypothesis stated that delayed free recall visual memory and delayed 
incidental spatial memory would significantly account for variance in delayed spatial 
memory (Spatial II), above and beyond visual attention, visual reasoning, executive 
functioning, free recall visual memory, and visual content memory, as well as age, 
education and verbal intelligence. This hypothesis was partially supported by the 
analysis, as delayed free recall visual memory significantly predicted Spatial II, but not 
delayed incidental spatial memory.  These results provide insight into some of the 
challenges inherent to the overall Designs measure, as well as the clinical utility of the 
separate subscales. 
The spatial subscores that can be calculated on the Designs measure are unique, as
they are designed to delineate one aspect of visual memory that is not overtly measured 
anywhere else on the test. It is also unique in that the test creators had not included a 
measure of spatial memory until this version. Given the findings from this study, users 
may choose to interpret these scores with some caution. When calculating scores for this 
emory for 
the location in space in which the designs appear.  One of the scores is intended to 
provide a measure of immediate visual-
designs were shown.  Similarly, the delayed score is intended to provide a measure of 
-term memory stores, 
representing another truly important aspect of functioning in daily living, delayed visual-
spatial memory. The departure from the hypothesized models suggests that these portions 
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of the test may not be completely valid measures of visual-spatial memory, as they are 
intended.
The hypothesized relationship of the immediate visual spatial score to other 
neuropsychological variables was constructed based on theories derived from animal 
models, and clinical studies of populations with localized brain dysfunction.  Given 
previous literature, immediate visual-spatial performance should have related to ability to 
take in, process, and manipulate visual sensory information in space. This was not found 
and none of the hypothesized domains were found to significantly contribute to 
performance for immediate spatial memory. Examination of the factors that were and 
were not significant can help to gain an understanding of this measure and what it may 
represent.  
Visual-spatial reasoning was hypothesized to add to the model of predictors for 
immediate recall due to the modality in which the information is presented. For example, 
visual-spatial reasoning skills are greatly enhanced by rapid visual pattern recognition 
skills, as well as ability to manipulate visual information mentally within the visuo-
designs, 
and recall them shortly after. Viewing a pattern and translating it in to the short-term 
memory as something more rec
Findings from this study did not support this, and this may be attributed to various 
factors. Visual-spatial reasoning is considered a higher-order cognitive process, while 
visual-spatial memory is considered a more basic function in an evolutionary sense. 
Examinees are not primed to approach this task using any sort of strategy and 
performance may vary according to how quickly one adapts to the many task demands.   
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Visual-spatial constructional praxis was similarly hypothesized to influence 
immediate spatial memory, as this requires one to physically manipulate an object and 
correctly move it in space in order to solve a predetermined task. Given the strong 
manual requirement for correctly choosing a physical location, these abilities should have 
been more influential on the Spatial I score. The failure to find this may be attributed to 
differences in task goals, as one requires manipulation of information to solve a difficult 
problem or puzzle, while the other is a simple task of short-term memory. Given this, the 
level of effort and conscious processing put forth may differ between these types of tasks, 
making interpretation of our results more nuanced. 
Interestingly, the only significant predictor in the final model for immediate 
spatial memory was Visual Reproduction II, or the delayed memory for complex 
drawings. Although this measure is included in the visual memory index score with 
Designs, this was not expected to load with the immediate spatial memory measure. The 
Visual Reproduction II measure requires a free-recall drawing response, and is a measure 
of memory after a longer delay. Though they differ in what they are intended to measure, 
one may argue that they tap into similar networks for visual memory functioning. This 
interpretation is confounded by the failure of the immediate visual memory measures to 
follow a similar pattern.  This finding was not expected, though it may provide some 
insight into the similarity of the tests utilized.
Given the departure from the hypothesized model, it is possible that greater 
resources are spent allotting limited cognitive resources on the content aspects of the task. 
For example, one may be overly focused on remembering the details of the images, 
sacrificing the spatial aspect of the task and relying on guessing when providing the 
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answer. The influence of guessing, however, may be more prominent in the Content 
subscores, as partial credit is assigned for the distractor items that are similar in content. 
For the Spatial scores, the item is either placed correctly or incorrectly, without any 
opportunity for partial credit. Overall, when examining the general distribution of scores 
for the Content and Spatial scales, the Spatial scores included more scores in the lower 
range and a lower overall mean after correcting for scoring differences. While publishers 
noted that partial credit responses were added based off of the tests that they modeled
Designs after, they did not clearly explain why they kept this practice, nor were statistical 
comparisons made with and without these responses. Nonetheless, participant guesses 
may have influenced the failure of the hypothesized model.
Regarding the Spatial II measure, the hypothesized relationships of the delayed 
visual-spatial memory score with the selected variables were constructed from an 
approach of assessing the similarity of the test with other measures with established 
psychometric properties. As such, delayed incidental spatial memory and delayed free 
recall visual memory were selected for study. Although the overall addition of these 
variables was significant, only the delayed free recall visual memory measure added 
significant variance in Spatial II overall. 
The failure of the incidental spatial memory test to significantly add variance to 
the model was disappointing, as the test selected is one of few measures of this variable. 
t to objectively 
measure in a testing environment and tests often suffer from poor validity or are difficult 
and cumbersome to administer. The failure to load onto Spatial II may be due to several 
factors. 
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For one, the instructions for the incidental spatial memory measure do not 
explicitly warn participants that they will be required to draw the shapes from memory at 
the end of the test. This creates potential for the users to utilize different strategies and 
approaches to the test, prioritizing different tasks as the test progresses and new 
instructions are provided. Additionally, the participants do not physically view the shapes 
on the TPT, which adds confounding variables such as sensory or physical impairment in 
the interpretation of scores. While the underlying theory suggests that the memory for 
spatial information utilizes similar pathways across sensory modalities, these factors may 
have undue influence in this sample. Additionally, the test takers may have been overly 
focused on design content at the forefront of the test, leading to reduced conscious 
encoding of the spatial information presented in the immediate trials. Reduced encoding 
often leads to difficulty with retrieval of information after a delay, which is a common 
pattern of responding in multiple clinical populations. 
One finding that was in line with the hypothesis was the significant loading of 
Visual Reproduction II onto Spatial II in the final model. It was hypothesized that 
measures requiring the retrieval of visually-based information from memory stores after a 
delay would share common variance above other variables. This was the case, and while 
it was not specific for just delayed memory it did relate only to the measures of spatial 
memory. This finding was interesting, as Visual Reproduction did not explain significant 
variance in the Content scores as one might predict, given their similar formats of 
remembering the details of the stimuli. This may be explained by the fact that the spatial 
task requires more of a free-recall response, as opposed to the content measures which 
are recognition based. Using a free-recall paradigm requires higher effortful output when 
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completing the task as instructed. As previously discussed, the recognition format allows 
responders to rely more on outside variables, such as chance and educated guesses.
An interesting finding was the significant influence of age on delayed spatial 
memory in the final model. This was unique to the delayed spatial memory task, 
compared with the other measures examined in this study. The relationship between these 
variables was in the negative direction, meaning that as age increases, spatial memory 
recall significantly decreases.  While it was not hypothesized originally, this finding is in 
line with animal and human studies of hippocampal function throughout the lifespan that 
suggest long-term potentiation in the hippocampus, or strengthening of neural pathways 
with repetition of information, reduces significantly with aging, particularly with spatial 
memory (Cherry & Park, 1993; Ankudowich, Pasvanis, & Rajah, 2018). This was 
particularly interesting, given the general clinical sample utilized for this study. While the 
scores are meant to be interpreted after correcting for age, clinicians should reserve 
judgement when interpreting these scores given this finding. 
To summarize, the Spatial I score was not significantly influenced by visual-
spatial perception and constructional praxis above and beyond other factors, but did share 
significant variance with delayed visual memory for designs. Additionally, the Spatial II 
score did not share significant variance with measures of delayed incidental spatial 
memory, but did share significant variance with age and delayed free recall visual 
memory, above and beyond other factors. Given the findings from this exploration of the 
Spatial subscores in relation to other neuropsychological constructs, it is clear that they 
do measure some aspects of visual-spatial memory as intended, though the overall 
delineation of spatial versus content memory may not be as clear or useful as the test 
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creators intended.
In contrast to the analysis of the Content subscales, the Spatial subscales related 
more closely to the other visual memory measures included in the analysis. As 
mentioned, this may be due to the addition of partial score points awarded for selecting a 
similar but not quite exact design in the Content portion. Giving credit for guesses may 
lead scores to be artificially inflated and inaccurate in measuring the latent variable in 
question, making the interpretation of the score inaccurate. The Spatial scores are less 
obviously affected by this issue, as the response is either right or wrong, with no
opportunity for partial credit. This may explain why, after accounting for the other 
included variables, there remained a strong association with the other visual memory 
measures. Inconsistencies in scores may be influenced by having the concurrent task of 
remembering the design content during this test. When creating the Designs measure, 
initial examination of these different tasks separately may have provided better 
information about the construct validity before modelling the test after an already 
established one. 
The finding that increasing age related to reduced delayed spatial memory was 
interesting and has significant clinical applications. It is difficult to interpret whether this 
finding would hold for the Content portion of the test due to the ability to make guesses 
and receive partial credit. Therefore, examining the overall scores for Designs without 
separating the content and spatial portions may confou
potential error. For example, an older individual with a true deficit in both aspects of 
visual memory may make conscious guesses across the test, and perform in the low 
average or average range overall. When separating out the content and spatial subscores, 
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one might achieve normal content scores with impaired spatial scores. This could lead a 
clinician to interpret this as having a specific deficit in spatial memory, when in fact the 
guessing confounded their true ability and made them appear more proficient in one area 
versus the other. 
Another factor to consider in interpretation is that Designs is not meant to be 
administered to older adults due to methodological challenges during the normative 
process. The specifics of the challenges were not outlined within the data published by 
the test creators, but the group was hypothesized to be over-reliant on guessing compared 
to younger participants (PsychCorp, 2009). This further adds to the interpretation of the 
findings from this study, as it is believed that guessing has a large impact on the overall 
scores. Further studies of the normative sample that separate the spatial and content 
scores may help to further clarify these relationships in different age groups. 
Taken together, these findings may influence the way clinicians interpret scores 
and use them across various clinical populations. While a measure of visual memory that 
allows for assessment of both content and spatial memory has the potential to be efficient 
and to save time, results from this portion of the study suggest that test creators have not 
fully achieved this goal with Designs.  Combining the content and spatial aspects together 
on a test with increasingly difficult items may compromise one ability over the other, 
st-taking strategy. Accurate 
measurement of content versus spatial memory can help to alleviate some of the 
challenges encountered in research, such as establishing ecological validity between tests 
and everyday functioning. For example, a common memory complaint is forgetting 
where things are or becoming lost in familiar locations. A standalone measure for spatial 
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memory may help with correlating subjective memory complaints with testing data. 
Given the results of this study, using the Spatial subscales alone may not provide an 
Overall, analyses of these immediate and delayed visual-spatial memory measures 
suggest that they may align with neurobiological theories of memory, based on 
relationships with other established measures and literature on aging and cognitive 
functioning. Despite this, several variables were discussed that will potentially influence 
tions of the individual scores. The way the test was designed is not 
optimal for measurement of two distinct abilities, as it is well-known that cognitive 
resources are limited and must be allocated to prioritize one thing over another. This has 
a significant impact on the way clinicians and researchers utilize these scores, as using 
them independently may lead to errors of interpretation. Comparatively, the spatial 
subscales do have better relationships with other visual memory measures, which is 
promising for those seeking to make improvements on existing tests. 
Limitations
The current study explored the nuances of the Content and Spatial subscales on 
WMS-IV Designs subtest, as Designs was newly created for this version of the test and 
was touted as being able to measure of these two distinct visual-memory functions. While 
the results of our analyses were meaningful and have clinical utility, limitations in the 
study should be addressed.
First, the sample utilized for this study was derived from an archival database and 
individuals were not selected at random, possibly limiting the external validity of the 
study. The participants were chosen from a large archival database if they completed the 
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WMS-IV as part of their comprehensive neuropsychological battery, and were referred 
for a wide variety of clinical needs. Using a non-random sampling technique like this can 
lead to difficulty with generalizing the findings to the larger population, as sampling 
biases become more likely. 
For example, this sample was majority self-identified as female (61.4%), which 
represents a higher proportion than the general population and may have influenced 
results. It is not clear why more females were included in this database, though several 
factors can be considered. It may be that females have a greater likelihood of self-referral 
for testing, reduced stigma for utilizing mental health services, or differing rates of 
various disorders tested for within this setting. The proportion of males to females is 
important as previous research suggests that there are differences in the way females 
process visual-spatial information for a variety of reasons (Coluccia, & Louse, 2004). 
While the male and female groups did not differ on the Designs subscale scores within 
this sample, they may have differed in the way other neuropsychological abilities 
influence visual memory processing, thus possibly influencing the results of the present 
study. 
While the sample was diverse in terms of age and ethnicity, there are other 
socioeconomic variables to consider that limit the generalizability to the general 
population. The participants included were able to overcome many of the barriers that 
limit access to mental health services in different marginalized communities.
Additionally, participants were selected if they were able to complete a full 
neuropsychological battery over the course of multiple days, implying that they had the 
means to allot a significant time commitment. This inherently selects for individuals that 
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represent a privileged group, filtering out individuals with clinical needs who are unable 
or struggle to commit the time required for this type of evaluation. Reducing barriers 
through various means such as community recruitment or offering compensation may 
have alleviated some of these challenges. 
In addition, while the sample size met the minimum requirements for multiple 
regression analyses given the number of variables utilized, a larger sample size may have 
mitigated some of the sample limitations described. A larger sampling has the potential to 
reduce extraneous aspects of the data and reduce the likelihood of committing Type II 
errors. A Type II error is when one retains the null hypothesis and fails to identify an 
effect when one is actually present. The failure to find most of the hypothesized 
relationships may have been influenced by the smaller sample size and the study would 
have benefitted from more participants. 
Another limitation to generalizability is the limited information about 
uded within the archival database. This includes co-
morbid medical or developmental conditions which may affect psychological and 
neuropsychological performance. Additionally, no information was provided regarding 
medications that were taken during testing, which may also influence performance. 
Including this type of information into the database would allow researchers to 
statistically examine the effects of these variables on performance and determine their 
importance. While using a large heterogeneous sample does increase the overall variance, 
one must consider all possibilities for findings, whether they confirm or detract from the 
hypotheses. Having access to this type of information may add to the generalizability of 
the findings if explained or controlled for. 
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The participants in this study were not selected based on clinical presentation, and 
the variability in clinical referrals and clinical diagnoses may be viewed as a limitation in 
the interpretation of the results. The sample utilized was derived from a community 
mental health setting with a wide variety of clinical referrals, and a similarly 
heterogeneous sample was utilized in the collection of normative data for the WMS-IV. 
The wide variety of clinical presentations was included in order to maximize the variance 
in the scores used for analysis. Given that visual content and spatial memory are known 
to be processed in different regions and affected differently across different disorders, 
one might argue that these populations should be studied to enhance the validity of the 
measure. While it will be important to conduct similar studies with specific clinical 
groups in the future, this study was more preliminary in its aims, and a general clinical 
sample with a reasonable degree of variance was necessary to achieve them. Given this, 
the conclusions from this study are not generalizable to specific clinical populations, but 
rather a population utilizing community mental health services.
Another consideration that may limit the generalizability of the study is the 
method in which tests were administered to participants. Generally, test administrators 
are held constant or randomly assigned to participants and tests are administered in a 
circumscribed manner in order to reduce bias; however, these factors were not accounted 
for in this study due to the archival nature of the data. The test administrators in this 
setting comprised a group of doctoral-level trainees with varying levels of clinical 
experience and expertise. As the database is de-identified, there was no way to examine 
or control for these factors. Additionally, due to the clinical setting in which the data 
were collected, the participants may have completed other neuropsychological measures 
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in the same day, increasing the chances of fatigue and reduced mental stamina. Given the 
challenges with guessing on visual working memory tasks described previously, 
guessing rather than putting forth more effort and completing the task as intended. This 
type of response may have influenced the scores, making relationships to other cognitive 
abilities less meaningful. Again, it is difficult to account for these factors given the de-
identified archival database, and non-random sampling used in this study. Future studies 
should make efforts to control for examiner and testing fatigue effects. 
The measures utilized in this study were selected due to their psychometric 
properties and clinical utility. That being said, many other tests exist which may have 
increased the scope of comparison against the Designs subscales. Utilizing additional 
measures of visual content and spatial memory for comparison may have made findings 
more robust. This may include using tests that involve different sensory modalities and 
response types. This study included paper-and-pencil tasks, as well as a tactile test 
utilizing manipulation of objects in space. Other tests exist that use a similar grid format 
as the Designs measure, and may have been useful for comparison as additional spatial or 
content tasks. Additionally, the challenges that visually-based memory tasks have faced 
have incentivized test publishers to develop and research novel methods of assessing 
visual memory. With the creation of newer tests with appropriate psychometric 
properties, the Designs measure can continue to be studied with the aim of improving its 
ability to measure the intended constructs.
Additionally, given the limited sample size and efforts to preserve the power of 
the study, only select variables from some of the tests were used as general measures of 
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cognitive functions.  For example, the construct of executive functioning is quite 
complex, which makes it difficult to select one or two tests that accurately represent the 
spectrum of abilities. For this study, the Trail Making Test Part B and aspects of the
Wisconsin Card Sorting Test were selected for their specific ability to assess executive 
functioning, as these are commonly and widely regarded as valid measures of this 
construct. These tests, however, only provide a snapshot of the complex functions that 
could be assessed.  From the Wisconsin Card Sorting Test, only the Perseverative Errors 
h and maintain a
strategy for problem-solving a novel task. Similarly, the CPT-II test includes several 
scores that are derived from multiple parameters including individual item analysis and 
analysis of performance across an extended period of time. The selected score for 
analysis was one that measured overall performance of visual attention, not taking into 
account the variability across time. This limits the findings of this study to these specific 
abilities within the broader context of these complex functions. 
Another limitation of the study is that there was no measure to assess ecological 
validity of the Designs subtest scores. While this was not a primary aim of this study, it 
may have helped to understand the relationship between abilities in a more meaningful 
way. A simple questionnaire that assessed particip
and content memory may have provided some data for the utility in predicting or 
assessing these types of concerns. Additionally, comparisons to tests that assess everyday 
tasks such as driving, navigating unfamiliar environments, or remembering where 
common household items are located may have also been helpful in assessment of this 
type of validity and made findings more generalizable.  
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Given that many of the findings were in contrast to the hypotheses, any 
combination of these factors may have influenced the results. There remain multiple 
opportunities for replication of this study with optimal conditions that may help to 
alleviate some of the challenges 
in the findings. 
Future Research 
Given the limitations outlined with the sample selected for this study, including 
the sample derived from an archival database future studies should aim to collect data in 
a manner that increases generalizability to the general population and to various clinical 
include randomized sampling to increase the chances of a representative sample in order 
to reduce the influence of extraneous variables or errors in conclusions. This may help to 
clarify the relationships between Designs performance and other neuropsychological 
functions, as our hypotheses were not confirmed in this study. 
When conducting further research, efforts to include diverse and underserved 
populations will need to be made, given the historical scarcity of cultural considerations 
in research in the field as a whole. While our sample was quite diverse in self-identified 
ethnicity, other cultural and socioeconomic factors were not available for analysis in this 
study. It was once generally accepted that non-verbal neuropsychological tests were free 
from educational or cultural biases; however, researchers have found significant 
differences in visuo-perceptual and visuo-constructional ability tasks between various 
cultural groups, even after controlling for educational attainment (Rosselli & Ardila, 
2003). Given the differences in visual-spatial processing across those with differing 
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cultural and socioeconomic backgrounds, these factors may influence performance on 
this particular test and should be considered in future empirical studies. 
The present study sought to explore the Content and Spatial variables in a 
heterogeneous clinical sample. To further enhance our understanding of this test, it will 
be important to also study this test across various homogeneous clinical populations in 
order to examine specific differences across these groups. Studies in populations with
known neurological conditions, particularly those that specifically affect aspects of visual 
memory functioning, will help add to the literature on the validity of the measure. 
While the normative data for the test included some studies in individual clinical 
groups, much of the data were from very small samples and did not distinguish the 
Content from the Spatial scores in the published findings (PsychCorp, 2009). While our 
findings failed to confirm many of our hypotheses, the sample we used may have masked 
meaningful relationships within individual clinical groups. Unfortunately, this was not an 
aim of the present study and individual clinical groups were not large enough for 
meaningful analyses. Further research will help to determine the separate Content and 
Additionally, the use of advanced 
functional neuroimaging techniques may aid in the understanding of how this type of 
information is processed neurologically. This type of research has the potential to add to 
the validity of the individual measures and inc
conclusions based off of them. 
Given the study findings, as well as previous literature, our results may add to the 
theory that limitations in visual working memory capacity can lead to higher instances of 
guessing on tasks with higher cognitive loads. This is particularly salient with the 
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Designs measure, as participants are asked to complete two different time-limited tasks at 
the same time- remembering what the designs look like and where the items are presented 
on the grid. Specific information about the preliminary studies were not included in the 
normative data provided by the WMS-IV publishers, and based on our findings and these 
considerations, the Designs measure may have benefitted from further preliminary 
analyses before inclusion into the WMS-IV as a measure of visual memory. 
Before being included as a core subtest, replication of the present study with the 
Content and Spatial tasks completed both separately and combined may have helped to 
determine whether the combination is most appropriate. As mentioned, it is difficult to 
determine what factors influence performance on the separate tasks when they are 
completed at the same time. Replicating the present study with the tasks separated out 
and combined can provide valuable information as to the validity of both subsections as 
well as the combined test. Additionally, a study should be conducted that assesses 
s within this test and analyze whether certain 
items are prone to guessing or whether certain factors influence guessing. Similar to the 
study conducted by Adam, Vogel, and Awh (2017), one could simply ask the participant 
whether they guessed on the items, and what specific aspect they guessed. 
As alluded to previously, this test may benefit from an analysis of each of the 
This may include statistical modelling or examination of the items to determine if any 
particular item is more or less susceptible to guessing. If it is found that the harder items 
have poorer validity, it may explain some of the discordant findings of the present study. 
Test creators should include this type of analysis whenever putting forth new tests to 
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ensure they do measure what is advertised. This ensures that individual items are 
modified appropriately to enhance the utility of the test. 
One area of study of the Designs measures that is lacking is the study of older 
e of memory testing in the context of an 
evaluation for age related decline, this test has the potential to have clinical utility with 
the aging population. This is particularly important, as the WMS-IV is commonly used in 
neuropsychological practice to assess memory, and a great deal of referrals for suspected 
neurodegenerative process. Unfortunately, the measure is not included on the Older 
Adults version of the WMS-IV, as publishers did not feel the test was valid for this 
population. For this reason, we did not have data for this measure in anyone over the age 
of 65. It would be useful to study this measure across the age span, as visual-spatial 
memory tends to differ greatly in different groups.
Interestingly, a study by Martin and Schroeder (2014) found that when using a 
computer simulation of randomly generated responses for the Designs subtest, adults 
aged 65 to 69 would score in the low average to average range on Designs II based on the
published normative data. The randomly generated data for Designs I did not suffer from 
these similar floor effects. This suggests that the Designs II measure may have been 
difficult for unimpaired older adults in the normative sample, leading them to simply 
guess on their responses. This was interesting given that the current study found that 
Spatial II shared variance with other visual memory measures, suggesting it may have 
been less susceptible to guessing in our younger sample. These results imply that the 
delayed recall portion of this test may have poor ability to discriminate between older 
adults with actual memory impairment and those without. Further research with this 
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measure will be helpful in determining the clinical utility as the test is modified and 
refined.  
ability to detect to true impairment in older adult populations
may also likely be improved by making the content and administration simpler. As noted 
by the test publishers, the Designs test on the WMS-IV was developed by modelling the 
Memory for Designs subtest found on the Developmental Neuropsychological 
Assessment, second edition (NEPSY-II). On the NEPSY-II, this test requires individuals 
to remember designs placed on a four by four grid before being asked to correctly select 
and then place these designs on this empty grid. Unlike Designs, Memory for Designs 
does not require the participant to learn a whole new set of designs for each trial. A core 
set of designs on Item 1 is shown to the test-taker, which is then supplemented by new 
designs on each subsequent item. The delayed recall portion of this subtest requires 
individuals to identify and place a set of 10 designs which have been practiced in an 
additive manner over the subsequent trials. Thus, there is a learning component, making 
the test appear less overwhelming to the participant. 
Modification of the Designs test to incorporate similar methodology may make 
sense. Such an approach would allow for learning and might potentially make the test 
simpler to take, which, in turn, could result in less impactful floor effects when assessing 
adults in older age groups. This would also be similar to many other memory tests which 
have a learning component to them, allowing clinicians to differentiate between learning 
or memory retention difficulties. In addition, examination of the Content and Spatial 
tasks separately may be beneficial in simplifying the test and understanding the 
confounding effects of one aspect on the other. This brings up the possibility of 
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developing a modified version of the Designs subtest specifically for use with older 
adults. Future research is needed to determine whether these or other modifications to the 
procedure and scoring of the Designs subtest can improve the ability of this measure to 
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